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C H A P. I. 

OF HYDROSTATICS) OR THE EFFECTS WHICH ARISE 
FROM THE GRAVITY OF FLUIDS, 

A FLU ID is a body whofe parts readily yield a 
to any impreffion, and in yielding, are eafily 
moved amongft each other. 

The caufc of fluidity is not perfcftly known, b 
Some are of opinion that the particles of Btuids are 
fpherical, and, in confequence of their touching 
each other in few points, cohere very flighdy, and 
eafily flip or flidc over each other. But that the 
particles of fluids, are of the fame nature or figure 

Vol. II. B a» 



2 CAUSE OF FLUIDITY. 

as thofe of folids, feems probable, from the very 
frequent converfion of the one into the other. It 
does not feem rational to fuppofe that the particles 
of gold, lead, glafs, &c. when in fufion, are ren- 
dered fpherical by the a&ion of the fire, and when 
that aftion ceafes, that the particles refumc their 
former figure, as the bodies become folid by cool- 
ing. Neither can we eafily imagine, that the 
particles of water are, changed by cold, when it 
becomes a folid and brittle lump of ice, and are 
again reinftated in their original form, when the 
ice, by diffolution, is again turned to water. 

The original caufe of fluidity, then, does not 
appear to confift in the figure of the particles, 
but fimply in their want of cohefion. 

If the particles of a body cohere ftrongly toge* 
ther, it is evident that they will not eafily move 
amongft each other. An imperfeft cohefion mufl: 
therefore be one of the properties of a fluid mafs i^ 
and that the fmallnefs of the particles is requifiite 
to fluidity, will appear by confidering, that the fur- 
face of a body compofcd of fmall particles mufl: be 
much more fmooth and even than the furface of a 
body compofed of larger particles : that two flat 
bodies may be conceived to confift: of particles fo 
fmall, that their furfaces fliall differ infenfibly from 
perfed: planes : that thefe bodies, if placed on each 
other, will Aide without the Icafl: fenfible fridion : 
and that if the particles of thefe bodies thus placed 
on each other be, by any means, deprived of the 
whole, or the grtateft: part of their cohefion, the 
^2 bodies 



PRESSURE OF FLUIDS. 3 

bodies will not only Hide on each other in the juft 
mentioned plane^ but the parts of the niafs will alfo 
Aide on each other in any other direfldon whatfoever. 
Confequently they will readily yield to any impref- 
fion^ and in yielding, be eafily moved amongft each 
other ; that is, they will conftitute a Suid mafs. 

But the enquiry, wherein confifls that change £ 
which bodies undergo when their confiftency is al- 
tered fo as to make them affume a fluid form, either 
denfe and almofl: incomprefllble, or vaporous and 
elaftic, belongs not to this place, but to chemiftry. 

That fcience, which treats of the effefts arifing f 
from the weight of fluids, is called hydrofl:atics« 

The parts of fluids are heavy i but becaufe the o 
upper parts reft upon, and are fufl:ained by, the 
parts beneath, and becaufe, by the property of 
fluids, the parts are readily moved in all dircftions, 
upwards as well as downwards, they do not at firft 
confideration appear to be heavy. 

The bottom of an upright prifmical or cylin- H 
drical veflTel is prefled by the whole weight of the 
fluid contained; and as the weight of the fluid is in 
proportion to its height, fo is likewife the preflfure. 
Thus, in the cylinder ab (fig. 114.) when filled to 
c, the bottom is preflTed by, or fuftains a certain 
weight, fuppofe one pound j if it be filled to d, 
the preflure becomes two pounds -, if to a, three 
pounds, &c. the heights between b, c, d, and a 
being fuppofcd equal. 

The whole of any fluid mafs may he imagined to i 
confift of a number of columns oC an inconfider- 

B 2 able 



4 PRESSURE OF FLUIDS. 

I 

able thicknefs, which ftand perpendicularly On the 
bafe of the containing veffel, and prefs the fame 
with their refpeftive weights. The preffure, then, 
if the height remain the fame, is as the number of 
columns, and this number is as the area of the 
K bafe. Confcquently in veffels whofe bafes differ 
as to area, and which contain fluids of the fame 
denfity, but different heights, the preflure will be 
in the compound ratio of the bafes and heights i 
that is, in numbers, as the area of the bafe multi- 
plied by the height of the fluid in one veffel, is to 
the area of the bafe multiplied by the height of the 
fluid in the other veffel, fo is the preffure fufl:ained 
by the bafe of the one to the preffure foftained by 
the bafe of the other veffel. 
L In like Ctuations, the pfeffures of fluids will be 

as their denfities. , 

M The denfities being difcoverable moft readily by 
. the different Weights of bodies of the fame bulk, 
-- the comparative denfities of bodies are therefore 

called their fpecific gravities. 
N If the columns of which a fluid mafs was fup- 
pofed to conlifl: (3, i) were formed of particles 
lying in perpendicular right lines, the preffure of 
the fluid would be exerted on the bottom of the 
veffel only ; but, as they are fituated in every irre- 
gular pofition, there mufl:, of confequence, be a 
preffure exerted in every diredtion; which pref- 
fure muft be equal at equal depths. For if any 
part of the whole mafs were not equally preffed 
on all fides, it would move towards the fide on 

which 
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which the preflure was leaft ; and would not be- 
comequiefcent till fuch equal preflure was obtained. 
The quiefcence of the parts of fluids is therefore a 
proof that they are equally prefled on all fides. 

On this account it is, that fluids, as far as they o 
are not prevented by external accidents, always con- 
form their upper furface to the plane of the hori- . 
zon. For if any column or part of the fluid be 
elevated above the- refl:, it will defcend partly by 
finking into the fluid, and partly by its lateral pref- 
fure, that will caufe it to fpread fideways over the 
furface, till it becomes uniformly of the fame height, 
or horizontal. 

The equal preflure of fluids in every direftion, p 
being underft:ood, may be applied to account for 
many phenomena that happen to them in different 
circumfl:ances; fome of which are the following. 

The horizontal bottom of a veflel is preflTed by, q^ 
and fuft:ains no more nor lefs than the weight of a 
column of the fluid it contains, whofe bafe is the 
bottom itfelf, and whofe height is that of the -fluid. 

In the veflel ECDF(fig, 115.) the bottom cd r 
fufl:ains no more than the column ab d c. For the 
other parts of the contained fluid can only prefs 
the column a b d c laterally, and therefore contri- 
bute ngt at all to the increafe of the weight or pref. 
fure oil the bottom c p ; but refl: intirely on the fides 
EC and FD. , 

Alfo in the veflfel ecd f, (fig. 116.) the bottom 
EF fufl:ains a preflure equal to the weight of a 
column whofe bafe is EF, and height equal to ca, 

B 3 For 



6 HYDROStATICAL PARADOX. 

For the prcffure at a b is equal to the weight of 
the column a b d c, and its lateral prefllire, which 
is equal to the fame weight, muft caufe the parts 
between e a and b r to prefs the bottom with an 
equal force in proportion to the furfaces they cover, 
Confequently, the efFcft will be the fame as if the 
whole fluid were of the height c a. 
T From thefe two cafes combined, the reafon is 
evident, why fluids contained in the feveral parts 
of vefTels, (fig. iiy.) remain every where at the 
fame height. Foi; the loweft part where they com- 
municate, may be regarded as^ the common bafe ; 
and the fluids, which refl: thereon, are in equilibrio- 
then only, when their heights are equal, however 
their quantities may vary, 
u The hydroftatical paradox,* as by fome it is cal- 
led, depends on the equal prefiure of the parts 
of fluids every where at the fame depth. It is this, 
v Any quantity of fluid, however fmall, may be 
made to counterpoife and fuftain any weight, how 
large foever. 
w Let AD EG (fig. 1 1 8.) reprefent a cylindrical 
veffel, to the infide of which is fitted the cover c, 
which, by means of leather at the edge, will eafily 
Aide up and down in the internal cavity, without 
permitting any water to pafs between it and the 
furface of the cylinder. In the cover is inferted 
the fmall tulle cf, open at top, and commu- 
nicating with the infide of the cylinder beneath the 
cover at c. The cylinder is filled with water, and 
the cover put on. Then, if the cover be loaded 

with 
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wththe weight, fuppofc of a pound, it will be 
depreffcd, the water will rife in the tube to e, and 
the weight will be fuftained. If another pound be 
added, the water will rife through an equal fpace to 
F, and the weight will be fuftained, and fo forth, 
according to the weight added, and the length of 
the tube. Now, the weight of the water in the tube 
is but a few grains 5 yet its lateral preflure ferves to 
fuflain as much as the weight of a column of water, 
whofe bafe is equal to that of the cylinder, and 
height equal to that in the tube.' Thus, the column 
£ c produces a preflure in the water contained in 
the cylinder, equal to what would have been pro- 
duced by the column a ado; and, as this preflure 
is exerted every wiay Equally, the cover will be 
prefled upwards with a force equal to the weight of 
A^do: confequently, if AadD would weigh a 
pound, £c will fuflain a pound: and the like is 
true of other heights and weights. And by dimi- 
nifhing the diameter of the tube, any quantity of 
water, how fmall foever, will, in theory, fuftain any 
weight, however large. 

The fame may be fliewn more fimply thus : 
Let AGED (fig. 119.) reprefent a hollow cylin- 
der, and M N a cylinder of wood, which nearly fills 
its cavity. In the cylinder, fuppofe a little water, 
whofe furface is g b; then, if the wooden cylinder 
be put into the hollow one, the water will rife be- 
tween the furfaces to a and d, and the wood will be 
fuftained floating. The nearer the wooden cylinder 
approaches to the fize of the cavity, the lefs water 
is neceflary for the experiment. 

B 4 CHAP. 
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CHAP. II. 

CONTCERNING BOPJES IMMERSED IN FLUIDS^ AND 

THE m;bthods of finding specific gravi- 
ties. 

V T F a folid body be plynged in a fluid, it will be 
A prejQTed on all fides, but not equally. Let 
PBEC (fig. 1 20.) reprefent a folid prifmatic body, 
immerfed, with its axis vertical, in the ^uid con- 
tained in the vefTcl f g i h, then the fides d c and b e 
will be equally prefled ; the upper fijrface d b 
will be prefied with the weight of a column, whofe 
bafe is D B, and height a d, and the under furface 
will be prefled upwards with a forcq equal to the 
weight of a column whofe height is a c (4, n). The 
body will therefore be impelled upwards by a force 
equal to the excefs of a c above a d ; that is, equiva- 
lent to the weight of a column of the fluid whofe 
length is d c, the bafe being all along fuppofed to 

z be unvaried. Whence it appears, that every prifm, 
whofe axis is perpendicular to the horizon, will, 
if it be totally immerfed in any fluid, be im- 
pelled upwards by a force, which is equal to the 
weight of a quantity of the fluid of the fame bulk 

a with the prifm. And fince any folid whatfoever 
may be conceived to be formed of an indefinite 
number of fuch prifms, it is evident that the 
rule is true of all bodies, without refpedl to figure. 

Buc 
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But as all bodies, by the force of gravity, tend B 
downwards, it depends upon the abfolute weight 
of the immerfed body, whether it fhall afcend or 
defcend. If the weight of the body exceed that 
of an equal bulk of the fluid, the excefs of force 
tends downwards, and it will defcend ; but, on the 
contrary, if the weight of the body be lefs than 
that of an equal bulk of the fluid, the above- 
mentioned prefllire will prevail, and it will afcend ; 
if both be precifcly equal, the body will remain 
at reft any where in the fluid. 

Thefe things being confidered, it appears that c 
any body, how heavy foever, may be made to 
Iwim, or any body, hov/ light foever, to fink, if 
means be ufed to keep ofi^ the preflure of the fluid 
from the one or other fide, as circumftances require : 
for, if ADBK be fuppofed to reprefent an open b 
tube, inftead of a column of the fluid, and the 
body DBCE be applied clofely to its lower orifice, 
lb that the fluid may not enter the tube, the pref- 
fiire on DB will be taken off, and xronfequently 
the body will be prefltd upwards with a force 
equal to the whole (jolumn a c. If that column 
be of fufiicient length, that is, if the body be 
immerfed fufficiently deep, the preflfure will exceed 
?he gravity of the body, and therefore fufl:ain it. 
In the fame manner, if m be a body applied to e 
the open end of a tube, which is clofed at n, 
the inferior preflTure being taken off, the body will 
not rife, however light, but remain immerfed, by 
nrjcans of the prcffure on the fuperior furface. 

When 



XO FLOATING BODIES, 

• 

When a body floats at the furface of a fluid, 
the quantity of the fluid, difplaced by the part 
immerfed, is equal in weight to the floating body. 
For fince the body prefles downwards with its 
whole weight, it mufl: fink till the prcflure, which 
the fluid exerts upwards, is equal to that weight. 
In this fituation, fuppofe the fluid to be con- 
gealed, and the folid then removed : a cavity 
will be left in the fluid correfponding in form 
and magnitude with the immerfed part of the 
folid. Imagine this cavity be filled with a quan- 
tity of the fame fluid, fo that its furface may be 
level with the reft, and the whole fluid then 
thawed. The fluid which occupies the place of 
the folid will then be preflTed upwards with a force 
equal to that fuftained before by the folid, namely^, 
equal to the weight of the folid. But it is not 
moved by that force, for the furface muft conti- 
nue level (5, o), as before the thaw. The laft 
mentioned quantity of fluid muft therefore prefe 
downwards with an equal force. That is to fay, 
the weight of a quantity of fluid equal in bulk to 
the immerfed part of a folid which floats on its 
furface, is equal to the whole weight of the folid. 

By the fame argument, it follows, that if a 
floating body be loaded with weights, fo as to 
caufe it to fink deeper in the fluid, the additional 
parts immerfed will in bulk be equal to, or dif- 
place, parps of the fluid, whofe weights are equal 
to thofe the floating body was loaded with. 

Since 
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Since bodies of equal bulks will lofe the fame h 

quantity of abfolute weight when immerfed in fluids 

of equal denfity, it follows obvioufly, that the 

bolks of bodies are in proportion to the lofs of 

weight they fiiftain by immerfion in a given fluid. 

Whence we have an exaft method of determining 

the bulks of bodies whole weights are known, and 

fronn thence finding their fpecific gravities. For, 

As the bulk of one body, or the weight it lofes 

by immerfion, * 

Is to its mafs of matter, or abfolute weight, 
So is the bulk of any other body, or the weight 

it lofes by imnrierfion. 
To the mafs of matter, or abfolute weight, it 
would have had if of the fame fjfccific gravity 
with the firft body. Which weight laft found 
being compared with the real weight of the 
latter body, fliews the proportion of their fpe- 
cific gravities. 
For example j if 34 oz. of lead be weighed in i 
water, and the diminution be 3 oz. and 15 oz. of 
tin be alfo weighed in water, and the diminution 
appear 2 oz. k is required to determine the pro- 
portion of their fpecific gravities. For which pur- 
pofe. 

As the diminution in the lead 3, is to its weight k 
34, fo is the diminution in the tin 2, to the 
weight of a mafs of lead of the fame bulk a2T oz. 
which is to 1 5 as the fpecific gravity of lead is to 
that of tin, that is to fay, in lower tetms, nearly 
as II T to 7 i. 

But 
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L But it is more ufual and convenient to make 
rain-water the ftandard, and refer the other fub- 
ftances to it : thus, in the inftances juft mentioned, 
*the weight of a mafs of water equal in bulk t6 the 
lead is 3 oz. lead is therefore to water as 34 to 3, 
or as 1 1 T to 1 , and in like manner, tin is to water 
as 15 to 2, or as 7^ to i. 

M When the folid is lighter than the fluid in which 
it is weighed, an additional body of greater den- 
fity may be joined to it : for inftance, fuppofe a 
piece of cedar- wood, weighing 92 dwts. were re- 
quired to be weighed ; join to it, by means of a 
fmall hair or thread, a piece pf lead, whofe weight 
in water is known, and weigh them immerfed to- 
gether. Th^lead will then appear to weigh lefs 
by 58 dwts. than it did without the addition of 
the cedar ; from whence it is evident that the ce- 
dar is impelled upwards by a force that exceeds 
its own weight by that quantity, or, in other words, 
that a quantity of water equal in bulk to the 
cedar, will weigh 92 + 58, or 150 dwts. confe- 
quently the fpecific gravities of water and cedar 
are in proportion as 150 to 92, or in lower terms, 
as I to A nearly. 
N In this experiment it is neceffary firft to fmear 
the wood lightly with fome fat fubftance, other- 
wife the water will be imbibed by the wood, and 
will render it fpecifically heavier than before. In 
faft, wood is not fpecifically lighter than water, 
but by means of the air-veflels which run through 
its fubftance. 

The 
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The beft method to difcover the fpecific gravi- o 
ties of fluids is, to weigh the fame fubftance in dif- 
ferent fluids ; and becaufe the diminution it fuffers 
in weight is equal to the weight of a quantity 
of the fluid of the fame bulk, we thence obtain 
the weights of 'equal quantities of diflferent fluids, 
and the ipecific gravities are as thofe weights j 
thus, if a piece of glafs weighed in the concentrated 
acid called oil of vitriol, lofe 85 grs. and when 
weighed in water only 40 grs. their fpecific gra- 
vities will be as thofe numbers, or in lower terms. 



as 21^ to 10. 



The hydrometer, or inftrument ufually applied p 
to find the Ipecific gravities of liquids, is con- 
ilrufted as follows J ab (fig. 121.) is a tube 
of glafs, joined to a hollow ball c, at the bot- 
tom of which is a fmaller ball D. In the cavity 
D is placed a quantity of quickfilver, by which 
the irifl:rument is fo poifed, that it fwims in 
proof fpirits of wine immerfed to the point m. 
A quantity of proof fpirits equal in weight to 
the whole infl:rument, will therefore be equal in 
bulk to the immerfed part (10, f.) If it be im-: 
mefifed in another liquid, whofe fpecific gravity 
is greater, it will fwim with the tube higher out 
of the water, fuppofe to the point b. Then the 
weights of the quantities dilplaced remaining the 
fame, their bulks will be as the immerfed parts of 
the hydrometer, and the fpecific gravities of the 
fluids will be inverfely as thofe bulks. The 

proportion which any length of the tube bears ^ to 

the 



14 HYDROMETER. 

the whole bulk of the inftrumcnt being known, it 
will not be difiiculc to graduate the tube fo a^ to 
indicate the fpecific gravities by infpeftion. But 
this however is fcarcely ever done. 

0^ This inftf ument is very confined in its ufe. For 
if the liquors differ confiderably in Ipecific gravity, 
they exceed the limits of the graduation : thus 
the hydrometer, adapted for fpirits, will fwim 
in water with part of the ball above the fur- 
face; and if it be adapted to water, it will not 
fwim in fpirits at all. It is true, this may be 
remedied, either by lengthening or widening 
the tube : but the firft is inconvenient, and the 
latter would make the graduations fo Ihort, as to 
render them of little ufe. 

R To make this inftrumcnt of more fervice, there 
has been added a little plate or difli d d (fig. 122.) 
at the top of the tube, upon which may be placed 
weights, as convenience requires. For example, 
if the whole inftrumcnt float immerged in fpirits 
to the point m, it will require an additional weight 
to fink it to the fame depth in water. Suppofe the 
inftrumcnt to weigh 10 dwts. and to be adjufted to 
reftified fpirits of wine, it will then require the 
addition i A dwt. to fink it to the fame point in 
water. Confequently it appears, that the fpecific 
gravity of water is to that of fpirits of wine as 1 1 A 
to 10, or in lower terms, as i to 1*0^0 

s This is the beft hydrometer, both in rdpeft to 
exaftnefs and facility in praftice. The inftrumcnt 
ufed by the officers of Excife, is very well adapted 

for 
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for Its purpofej which is more confined : it differs 
(rooi that here defcribed^ by having its additional 
weights fcrewed on at a item at b. . Thefe inflru- 
ments are ufually of copper. 

An attempt has been made * to adapt the hydro- t 
meter to the general purpofe of finding the fpecific 
gravity^ both of folids and fluids (fig. 123.) a is a 
hollow ball of copper; b is a difh affixed to the 
ball by a (hort (lender ftem d ; c is another diilh 
affixed to the oppofite fide of the ball by a kind 
of ftirrup. In the inftrument adhially made, the 
ftem D is of hardened ileel, -^ of an inch in dia* 
meter, and the difh c is fo heavy as in all cafes to 
keep the ftem vertical, when the inftrument is made 
to float in any liquid. The parts are fo adjufted 
that the addition of 1000 grains, in the upper 
difh B, will juft fifh it in diftilled water, at the 
temperature of 60** of Fahrenheit's thermome- 
ter, fo that the furface fhall interfed the middle 
of the ftem d. Let it now be required to find the 
Ipecific gravity of any fluid. Immerfe the inftru- 
ment therein, and by placing weights in the difh 
B caufe it to float, fo that the middle of its ftem 
D fhall be cut by the furface of the fluid. Then, 
as the known weight of the inftrument added 
to 1000 grains; is to the fame known weight 
added to the weights ufed in producing the. laft 
equilibrium : fo is the weight of a quantity of di- 
ftilled water difplaced by the floating inftrument ; 
to the weight of an equal bulk of the fluid under 

♦ By the authoi^of this work. 

confideration. 
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confidcration. And thcfe weights give the ratio <d 
the fpecific gravities (4, m). Agaift, let it be 
required to find the fpecific gravity of a folid 
body lefs than 1000 grains. Place the inftrumenc 
in diftilled water, and put the body in the difti b- 
Make the adjuftment of finking the inftrument 
to the middle of the ftem, by adding weights in. 
the fame difh. Take thofe weights from 1000 
grains, and the remainder will be the weight of 
the body. Place now the body in the lower difti 
c, and add more weight in the upper difh b, till 
the adjuftment is again obtained. The weight laft 
added will be the lofe the folid fuftains.(8, z, a)^ 
by immerfion, and is the weight of an equal bulk 
of water. Confcquently the fpecific gravity of the 
folid compared with water, is as its weight to the 
lofs it fuftains by immerfion. 

u This inftrument was found to be fufficiently ac- 
curate to give weights true to lefs than one twen- 
tieth of a grain. 

V Experiments concerning Ipecific gravities are 
more difficult to be made with accuracy than au- 
thors in general feem to imagine. For we often 
fee tables of fpecific gravities carried to four, five, 
and even fixplaces of figures; whereas a difference of 
a few degrees in the temperature of the water will 
change the fourth figure. In different fpecimens 
of the fame wood, the fpecific gravities will vary 
in the third figure, as will alio metals caft dut 
of the fame meeting, but cooled more quickly or 
Qowlys and thbfe alfo arc alterable by hammer- 
ing. 
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iflg*; Natural and artificial compounds have like- 
wife great varieties rf denfity in the fevcral Ipeci- 
iftens denoted by thS fame name. 

A Table of Specific Gravities, extracted from w 

various Authors^ 



Names. 
Pladna - - . 

Gold 

Goldftan^d of Georgell. 
Silver . - 

Copper - .- - 
Steel ibft - - - 
Steel elaftic ... 
Iron bar - • 

» 

Lead - 

Tin - - - 

Mercury - . ^ 
Zink 

Regains of annmony 
Regulus of arfenic - ^ 
difinuth . • ^ 
Cobatt> th6 regulus 
Nickel - - - 
Regulus of manganefe 
Wolfi^am, the regulus 
Common brimilone 
Fine glafs - . * 
Plate glafs - - 
Plate glafs - - 
Greqa glafs forretorts, ^c. 



. Antkois. Sp« Cra? ity. 

Kirwan ... 23.000 
Mufchenbroek I gf.2 j8 td 1 9.640 
Mufchefibroek - ^Z-^S^ 

Kirwan, Mufchen. - 11.091 
i&wan - S.y\o 9.300 

Mufchenb. - ^738 to 7.8955 
Mufchenbroek - 7.809 

- 7.60 to 7.875 

1 1.216 to 11.479 

7.000 to 7.450 



Mufchenbroek 
Mufchenbroek 
Mufchenbroek 
Mufchenbroek 
Kirwan * 
Kirwan -< 

Kirwan 
Kirwan 
Kirwan 
Kirwan 
Kirwan 
t De Luyart 
Mufchenbroek 
Mufchenbroek 
Mufchenbroek 
B. Martin 
Mufchenbroek 



13.55 ^ I4-I10 

-» 6.9 to 7.24 

*> 6.860 

8.310 

9.6 to 9.7 

77 
7.421 to 9.000 

6.850 

17.6 

. ^ i 1.8 

3.150103.380 

' 2.888 

2.76 

- • - 2.620 



* Experiments frequently repeated by the Author have 
fhewn -dit fpeci£c gravity of two nearly equal fmooth cylinders 
of lead, caft out of the fame fufion were to each other as 1 138 
to 1125. 

f A chemical analyfis of wolfram. London, 1785. 
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Namet. 
Crown glafi 
White flint 

White flint . - 

Denfe glafii for achromatic 

ufes 
The concave of an achro- 

saatic leas 
Calcareous (par (calx aera- 

ta) from the iame pece 
Ponderous (jpar or barytea 

vitiiolata -^ 
Quartz 

Rockcryftal • 

Diamond -^ 



GitAVITIES. 

AuthoiW* 
B. Martin 
B. Martin 



Diftilled water - . 

River water 

Sea water ^ 

Saturate foltifioh of fea-falt 

Concentrated vitriolic acid 

Concentrated nitrons acid - 

Cbncontrated muriatic acid 

Concentrated fl^or acid 

Oil of amber' 

Oil of fweet almonds 

Oilof cfives 

Naptha 

Rectified fpirit of wiii& 

Alcohol 

Btker -" - - 

Air at the earth's furface « 

Air. Barometer at 3^0. Ixf*. 

ThermMneter 31^ 



Mufchenl^roek 
Muichenbroek 
Muichenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Bet:g;man 

Bergman 

Bergman 

Bergman 

Muichenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenb. 

AtWQod 



Sp« Grt tlty. 
2.52 

, 3-29 
3«2i6 

3437 

343^ 
2.711 to 2.726. 

4-474 
2.76J 

2.650 
3,466 to 3.654 

I.OOO 

0.993 

I.OOJJl 

1.030 
1.244 

2.125 

1.580 
1.150 
1.50a 
0.978^ 
0.92^ 

0.913 

0.70S 
0.866 

0.815 

0.732 

Q.00l|t0 0.001^ 

•^ 0^001279. 
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CHAP. III. 

OF THE MOTIOK OF JFLUIDS WHICH ARISES FROM 
' THE PRESSVRE OF THEIR SUPERINCUMBENT 
PARTS. 

np H E prcffure of fluids being fhewn to be in x 
-* proportion to their depths (3, h) it will 
not be difficult to find the celerities with which 
th^y fpout forth from fmail apertures in the fides 
or bottonis of veflels. 

For this purpofe let us fuppofe p q^ r (fig; 1 20.) 
to be a prifoiical column of any fluid that p^fTes 
through a hole in the bottom of the veHel fhig. 
If the height PQ^be aflfumcd indefinitely fmall, the 
prcffure by which the velo<!ity is produced may be 
eftecmed conflant, becaufe the column oprv, 
whofe weight (5, Q^) is the meafure of that 
preffure^ does not acquire any definite increafe 
during thepaflage of the column through its height 
p Q. The weight of the column o p r v exceeds the 
weight of the column p qj r in the fame propor- 
tion as the height ? p exceeds the height p q^ and 
confequently the afticin or preffure exerted on the 
column pq^sr exceeds its mere gravity in the fame 
proportion. Therefore, whatever may be the final 
velocity, or velocity of emiffion, produced in the 
column p <U5 R in paffing through p <^, it will be 
required, in order to produce an equal final velo- 
city by the mere aftion of gravity, that the fame 

C 2 column 
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column fliould defcend through a ipace propor- 
tionably greater as this laft is le(s than the formei 
f9rce (i. ^6, h), namely through a (pace equal to 

Y p o. That is to fay, the velocity of any fluid iflu- 
ing from a hole in the bottom of a veffel is equal 
to tliat which would be acquired by a body falling 
freely by its gravity through a fpace equal to the 
perpendicular height of the fluid above the hole. 

z And becaufe fluids prefs equally every way at 
equal depths (4, n), this theorem holds good 
likewife with refped to fluids that fpout throuj^ 
apertures at the fides of veflels, or with any obliqui- 
ty whatfoever. 

A Hence the motions of fpogting fluids may b< 
reduced to rule. For every part of the proje£tec 
ftream being confidered as a body in motion, throwi 
with a given velocity and direftion, the fam< 
principles will be equally applicable to fpoudnj 

B fluids and to projeftiles of any other kind. Thu: 
if the fluid fpout direftly downwards, its velocitj 
in any point of its courfe will be equal to the vc 
Jocity of emiflion added to that which it woul^ 
have acquired by gravity in its fall from the aper 
turci or, (20, y) which is the fame thing, if 
velocity will be the fame as if it had fallen fror 
the fur face of the fluid. If it fpout dirc6Uy up 
wards, it will (i. 31, p. ii- 20, v) proceed with a 
uniformly retarded motion, which will carry it i 
the level of the furface of the fluid in the veflc 
If it Ijpouts in any other diredion> its courfe wi 
be nearly a parabola (i. 97, u). . • / 
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FOUNT AINi, 21 

On thde confiderations depends the performance c 
of fountains ; for the conftru£Hon of which there 
is provided a refervoir, elevated confiderably above 
the plane in which the fountain is to be made. 
A pip€> communicating with the refervoir^ is con« 
veyed to the middle of a bafon^ and by means of 
a perpendicular fpout, called the adjutage^ throws 
the water up in the air tp a height which is in 
the level of the furface of the water in the refer- 
voir. 

But in applying thefe obfervations to praAice^ D 
there are many circumftances that tend to diminilh , 
the qu^uitities of mption. There; are few fluids 
that have not a confiderable degree of cohefion or 
tenacity, which prevent? their part$ from moving 
as freely as otherwife they would have dope s and 
the frifUon againft the fides of cubes very much 
retards the motion of the included fluids, if the 
tubes be long, fmall pr crooked, and the velocity 
great. The air which, extricating itfelf from the 
water, occupies the upper parts of bent pipes, is 
often a great pbftacle to the courfc of the water, 
and pot ynfreqyently ftpps its progrcfe entirely. 
In fountains, • efpecially where the fluid is thrown 
perpendicularly upwards, the p^rt that is falling 
refts upon the, afcending column, and prevent^ 
its arriving at thp height its motion would have 
carried it toj befides which, the refiftance of 
the air, and other caufe^, join in increafing the 
fame efied. We muft not therefore expeft in 
thefe more than in other engines, that the per-^ 

C 3 formance 
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formaqce will equal t;he theory ; yet, it is not dif- 
ficult to make the proper allowances, fo as to 
find their real effeAs by calculation i but our pur* 
pofc, being genera|, does not extend to the va* 
riety of particulars which offer thenifelves. 



C tt A P. IV. 

OF THE RESISTANCE WHICH FLUIDS MAKB ^TO 
BODIES MOVING IN THiSlff. 

WHEN a body is ifniherfed in a Qiafs or 
quantity of fluid matter^ and is in nK>* 
tion, it muft feparate the parts- of the fluid from 
each other as it moves. If die piarts of the fluid 
be without cohefion or tenacity^ this feparadon 
i^rill be attended with no difficulty ; but if the te- 
nacity be confidcrable, it will require a cbnfiderable 
force to overcome it. A part of the motion muft 
therefore be loft in producing this efFef):. Andj 
in the fame fluids the more parts are divided in ia 
given time, the greater quantity of the motion 
muft be loft or employed for that purpofe. But a 
body^ moving through ah uniform fluids divides 
a greater of lefs number of its parts^ * in proportion 
as the velocity of its motion is greater or lefs. 
Confequ^^ndy, the refiftance which an uniform fluid 
makes, by reafon of its tenacity, to a body im- 
merfed and moving in it, is in ptoportion to the 
velocity of the moving body. 

But 
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• 

But there is an(MJier refinance of greater confe- c 
qucncej which fluids make to bodies iromcrfed and 
moving in them^ and arifes fwoi the inertia of their 
parts. For if a body be moved in a fluid, it muft 
give motion to a certain qpantity of diat fluid, 
and the reaftion of that quantity will deftroy part 
of the motion of the body. Now a body moving 
through an uniform fluids gives motion to a greater 
or lels number of its parts, in proportion to xhc 
velocity of its motion, and is therefore refifted in 
the fimple proportion of the velocity on that ac- 
count. Again, a body moving through an uni* 
form fluid, communicates a greater or lels quan- 
tity of motion to each of its parts, in proportion to 
the velocity of its motion, and is therefore refifted 
in the Ample proportion of the velocity on that ac- 
count. On both accounts, then, the refiftance h 
"which arifes from the inertia of the fluid, is in the 
duplicate proportion of the velocity of the moving 
body. 

When the fame body is Ippken of, the refifl:ance i 
and retardation follow the fame ratio ; but, in dif- 
ferent bodies, they differ in the fame manner as 
motion and velocity. Refiftance fignifies the quan- 
tity of motion, and retardation the quantity of ve- 
locity which is deftroycd : for example, if a body 
be prqjefted with a given velocity in a fluid, and 
lofe half its motion by the, refiftance m a given 
time, its retardation will be half its velocity : but 
if another body of the fame bulk, but twice the 
weight or mafs of matter, be projeftcd with a 

C 4 like 
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like vtloctty in the fame fluids it will be equally 
rdafted ; but, havk^ twice the quantity of motionj 
will only loft one*f»urth of its velocity in the fame 
time. Thus, though the irefiftances be equal, the 
retardation in the letter inftance is only half the 
quantity of that in the former. 

K In fliiids that are not glutinous^ the refidance 
arifing from their tenacity is inconfiderable, efpeci- 
ally in fwift motion : in which cafe, the reliilance 
from the inertia increafing as the (quares of the ve- 
locities, while that from the tenacity incre^fes only 
OS the velocities themfelves, the proportion pf the 
latter to the former becomes fo fhiall that it may 
be negleAed. It is ufual therefore, to ne^lc^d: 
that refi&^mct which arifes horn the tenacity of 
fluids. 

h In like circumllances, the refiflances of fluids 
ariC ^s their denfjties,. For the quantity pf matter 
tp be moved is in tfiajt proportion. 

M If a cylinder be moved through an uniform flui^ 
i^ the diredion of its axis, it will fufFer a reflflance 
lequ^l to tliat pf a fpl^ere, whofe diameter and velo- 
city of motion \n the fame flyid are equal to thofe qf 
the .cylir^der. For proof of which, fuppofe the 
cylinder to be qpiefcenf in tjie middle of a prifmic^l 
capal or tube, its axis coinciding with that of the 
tube. Let this tube be filled with the fluid, anjl 
conceive the fluid to be rnoved through it with a 
giyen velocity. Then the fluid will pafs between 
the fides of the tube and the cylinder, and its mq« 
tiqn will be impeded by its being reduced to p^fs 

through 
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fhrough a narrower fpace^ If dK iphere be fubfti* 
futed in the {dace of the qrlinder^ i!ie^^Ke through 
which the fluid is reduced to pafs will be precifely 
the fame^ and conicquendy ^^ motion will bo 
{equally impeded. And^ becauf^ aftion and re^ 
action are equals the cylinder and fphere in thefe 
circumftances will be equally aded upon by the 
fluid. Nowj let the fluid be fuppofed quiefcent, 
and the q^lihder or fphere moved with the fatoQ 
velocity^ and in the contrary diredion to that in 
which the fluid was before moyed| and the rclauve 
motions of the fluid ^nd immerfed body will be the 
fame as before. Confequendy, the cylmderand 
(pherc^ if moved with equal velocities through a 
prifinical veflTel containing a fluids will be equally 
^£ted upon in the contrary direction to their mo- 
tions $ that is, they will be equally reflfted. And, 
fince this equality of refiftance does not at all de- 
pend on the magnitude of the prifmical veflfel^ thft 
ido£bioe may be applied to bodies moving in an in* 
definitely extended fluids or fluid contained in an 
indefinitely large prifmical veflel. It may^ ^ere« 
fore, be applied to all bodies in motion which are 
deeply immerfed in any fluid, 

. Hence it appears^ that in order tQ maintain die n 
uniform modon of a body in a fluids a conftant 
acceflion of force is required to overcome the rcfift- 
ance ; bpt as in general, there is no fuch acceflion 
in the motions which are performed about us, they 
all decay by degrees, ami at length terminate. 
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o It likewifc appear^ tbat when a body moves in 
any flui4» ^^ ^ ^^^ed upon by any conftant foitre^ 
it can obtain but a certain degree df velocity. For, 
as the refinance increafes with the velocity^ but in 
a higher proportion^ namelyy as the jquares^ (23^ k) 
it is plain that the lefiilance at a ceruin period of 
the acceleration will become equal to the conftantly 
afting force j after which the. body will proceed 
ainiformlyj and the conftantly a£bng force will be 
cmpk^ed in overcoming the refiftance. On this 
account it isj that bodies that fink in water, or 
other fluids, by the force of gnavity, ibon acquire 
their utmoft velocity, and afterwards proceed uni- 
fomiiy. And, in like manner, a fhip, when it firft 
gets under way, proceeds with an accelerated velo- 
city, tiU the refiftance of the water becomes in 
.eqiiilibrio with the aftion of the wind on its fails, 

• but afterwards proceeds uniformly, the force of the 
wind being entirely employed in overcoming that 
refiftance, 

p In mathematical ftriftnefs it is not true, that a 
body in thcfe ciricumftanccs ever arrives at unifor- 
mity of motion ; for the approach of the refift- 
ance to an equality with the impelling force is 
rq)refcnted by a converging feries, the number of 
whofe terms is infinite, and their fum in any finite 
time is lefs than the impelling force: but the latter 
terms foon become too fmall to be of any phyfical 
confcquence, 

0^ What is here faid of refiftance is to be under- 
flood of bodies deeply immerfcd in fluids, the 

parts 
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parts of which arc cdmprcflcd together,^uid non- *! 
elaftic or incapab^ of condcnfation. Fri£tibn is 
UJ^cwife negleftcd. Bodies moving at or near 
thelbrfacCs of fluids^ more efpeclally if they be ob- 
tufe^ caufe the fluid to rife into a heap before the 
body^ at the fame time that it fubfides at the hinder 
part. And fo likewife^ obtufe bodies^ moving in 
el^c fluids^ condenfe that pare of die fluid to- 
wards which they are moving, while the part from 
i^hich they recede is rarefied. In thefe cafes the 
refifl:ances are ^ater than would be deduced by the 
principles here treated of *• 

• Principia, U. 5 «• 
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BOOK II. 



SECT. IV, 



Of the air or atmofphere. 

C H A P, I, 

OF THE/GENERAL PROPERTIES OF THE AIRi TH^ 
DIMENSIONS OF THE ATMOSPHERE^ AND THB 
MEASUREMENT OF THE HEIGHTS OF MOUK« 
TAINS BY MEANS OF THE BAROMETER. 

R /CONTINUAL experience fhews, that we 
^^ are immerfed in a fluid which agitates bodies 
when it is in motion ; refifts the motions made in 
it; fuftains bodies floating in it; and, in fhortj 
diflfers very little in its general properties from the 
groflfer fluids, great rarity, elafticity, and tranlpa- 
rency, being its diftinguifhing charafters. 

8 The whole mafs of this fluid, with its contents, 
is called th^ atmofphere; a term made ufe of when 
the effects that arife from its form, magnitude, 
denfity, &c. are confidered ; but when the fluid 
of which the mafs is compofed is indefinitely fpoken 

of. 
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of, with a .view to develope its qualities, and 
confider it independent of the bodies immerfed in, 
or mixed with it, it is called the air, or ain 

Air is a fluids whofe pardcles are hot in con- t 
ta&, and repel each other with a force that may 
be diminifhed, but cannot be deftroyed by any 
degree of cold known in the vicinity of the earth. 
For, if the pardcles were in contaft the fluid could 
not be compreiled, and if they did not repel each 
other, the fluid could not expand when the com- 
prefling force is removed. This' property of the u 
air may be fliewn by various methods : one of the 
fimplcft is, to pour a quantity of quickfilver in 
the tube abc, (fig. 124,) clofed at a, and open at 
c. Suppoie the tube to be filled with quickfilver 
to JB, then the air inclofed in the leg a b will pre- 
vent its rifing higher than d. - Mark f in the fame 
horizontal line with d, and (6, t) the column d 9- 
will be in equilibrio with fb^ confequendy the 
quickfilver contained between f and d will not at 
all prefs on the air between a and p. But the 
column sf a£bing with its whole weight on the 
quickfilver between f and d caufcs it to prefs on 
the air at d, and condenfe it. By increafing the 
quantity of quickfilver the condenfation is in« 
creaied, and it is found, that the fpaces into which v 
the air is condenfcd by different weights are in- 
Terfely as thofe weights s or its denfity is as the 
preffure it bears. 

One of the firft objcfts of enquiry that . offer w 
themfelves relpefting the atmofphere is its extent 

or 
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or magnitude. Experience aflures us, that it is 
extended over the ^ole Hirface of the earth and 
fea; and it is evident, from the fufpenfion and 
motion o£ the ckmds, that its altitude is confi- 
derable ; but the meafure of this altitude muft be 
obtained from its efFeds. Thus, if the fpecifk 
gravity of the air be found, and alfo its whok 
preiTure on bodies, it will be eafy to difcover the 
quantity of the fluid, and its height, if fuppofed 
to be uniformly denfe. Another method of di£- 
covering the height of the atmofphere is deduc€4 
from optical conflderations, by obferving the effe& 
it has on thr)ight of the Sun. 

X To find the fpccific gravity of the air, let a n 
(fig. 125.) repreient a bottle^^ whofe contents arc 
exa6Uy known; for example, foppc^e it capable 
of holding two pounds of rain-water ; let a valvo^ 
opening outwards, b^ fitted at a, and the air be 
exhayfted from within by means of the air«pump» 
hereafter to be defcribed ; let the veflel thus ex* 
hauftcd be weighed in water, or any other denic 
fluid, in the veflel m n, as reprcfented in the figure;, 
after which let the air be admitted. An additional 
weight of about 14? grains will be required to 
refl:ore the equilibrium: therefore, the air contained 
io the veflel a b weighs 14; grains, the proportio9 
of which to twQ poupds is i to 800^ or :^ ^^ 
1006. 

Y In this experiment the veflel b is immerie^ 
in water> that the fulcrum of the fcales being Jefs 
loaded^ may turn with lefs fridion, and confer 

quently 
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quendy be more fenfible. It is attended, however, ' 
with fome difEculties ; die chief of which confifts 
in the attra&ion or repulfion exerted at the furface 
<£ the water> and this ^ confiderable enough to 
induce fome philofophers to weigh the botde with- 
out intunerfinglt. 

Theipecificg^vitycrfair, being thus difcovcred, z 
its prefliire raaiy be found by the Torricellian experi* 
xnent, ib called from its inrentor Torricelliys. 
Let AB (fig. 126.) reprcfent a glafs tube of the 
leng^ of 35 inches or upwards^ clofed at the end 
A3 and Cfpcn at Bi fill the fame with quickfilver, 
and clofe th^ orifice at b with the finger, or other* 
Wife: immerfethe end b in theveflel of quickfilver 
c D, and remove the finger from the orifice -, the 
quickfilver will then fubfide to n in the tube at the 
height of about 30 inches. 

This phenomenon is readily explained on the a 

CQOttnqn principles of hydroftatics : for which pur- 

pofe it tviuft be remembered, that the preflure, a 

body, immerfed in the veflel g d, would fuftain, is 

BOt only dot which arifes from the weight of the 

qoickfilver, but likewife from that of a column of 

Ac aonofphere^ incumbent on its furface ; fb that 

every colunm of the quickfilver prefies with a force 

dm exceeds its own weight. When the tube is in^ 

Tcrted into die veflel of quickfilver^ the furface of 

die column it contains being defended from the 

preiBsre of the atmofphere, by the clofure at a, can 

prels downwards with no more than its own weighty 

and wiU> dierefi^re^ be in cquilibrio with the preflure 

the 



the quickfilyer in the veflel exerts againft Its de^ 
fcent^ then only, when it is fo much longer^ chaC 
the additional quickQlver may be equal to the 
additional weight which a fimilar column in the 
veffcl receives from the preflure of the atmofpbere^ 

B that is to fay, the preflure of the atmofphere on any 
given furface is equal to the weight of a column of 
mercury, whofe bafe is the gjven furface> and height 
equal to that at which it ftands in the Torricellian 
tube ; and this preflure is jthe weight of a column 
of airj whofe bafe is the given furface, and height 
equal to tl^it of the atmofphere. Or, generallyjr 
becaufe the bafes may be fuppofed not to vary^ 
the preflure of the atmofphere, is as the height 
the mercury in the tube. 

An inftrument confifting of a Torricellian tube* 
with a fcale adapted for meafuring the heights of 
the mercury, is called a Barometer. 

c It has been ihewn, that when the air is cofw 
denfed, its denfity is in proportion to the weight that 
comprefles it (29, u.) By means of the Torriccl-- 
lian tube it may be obferyed, that the fame pro- 
portion obtains when it is* rarefied by taking off 
part of tlie weight of the fuperincumbent atmo-^ 
iphere. For, in any elaftic fluid at reft, the ipring 
muft equal the comprefling force (i. 22, r); and 
if any part of that force be taken away, it^ mi^ 
expand till the fpring becomes equal to the re- 
mainder j which will happen if the elafticity of the 
fluid be weakened by expanfion. And fincc the 
preflures of fluids are as their heights. (3> h) 
3 the 
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the prefliirc of the mercury in the tube a b (fig, 126.) 
^iH be equal to that in the tube a b, when the mer- 
cury rcfts at n in the fame horizontal line with n. 
Now, if a bubble or fmall quantity of air be admit- 
ted into the tube a b, it will deprefs the merctiry 
below the mark n^ till its fpring, and the weight of 
die mercury remaining in the tube be in equilibrio 
with the preflurc of the atmofphere j that is, if the 
mercury be deprefled to m, that part of the weight 
of the atmofphere which correfponds with the 
quantity of mercury m b, will be fuftained by the 
weight of the mercury, and the remainder m n will 
be fuftained by the fpring of the included air. The 
included air then, being preiTed by a weight lefs 
than that of the whole atmofphere, becomes rare- 
fied or expanded. By varioufly inclining the tube, 
or by inunerfing its lower end to greater depths 
in the bafon, the included air may be made to bear 
more or lefs of the weight of the atmofphere, as 
may be gathered by meafuring the perpendicular 
altitude of m above the furface of the quickfUver 
contained in the vefTel c D, and fubtrading it from 
die altitude A K, which correfponds with the weight 
of the whole atmofphere, and its contraction or 
dilatation obferved: whence it appears, that the 
dcnfity of air, though greatly rarefied, is propor- 
tional to the compreiilng force. 

If two columns of uniform fluids, whofe fpe- d 
cific gravities differ, be equal in weight, and fland 
on equal bafes, their heights will be reciprocally as 
their fpecific gravities (4, l, m. 6, t.) The fpecific 

Vol. IL D gravities 
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gravities of quickfilver and air are refpeftively 
14019 and i^: therefore^ 
As the Ipccific gravity of 

air, - - '-^ 
Is to the fpecific of mer-- 

cury, . - - - 14019 
So is , the height of the 

column of mercury, - 30 inches. 

To the height of an equal 

column of air • - 336456, or 5^ Englifh 

miles. 

This would be the height of the atmoiphere, if 
it were uniformly of the fame denfity ; but as that 
is not the cafe, on account of the elafticity which 
caufes the tipper parts to expand in proportion 
as the weight of the fuperincumbent parts becomes ' 
lefs, the altitude muft be much greater. 

The denfity of the air in that part of the atmo- 
iphere in which we live being Ihewn to be as the 
weight that compreffes it, it is plain, if the confd- 
tution of the air in the fuperior regions be of the 
fame kind, that its denfity at any altitude will be as 
the weight or quantity of the fiiperincumbent air* 
Suppofe Am (fig. 127.) to be a column of the 
atmoiphere, and imagine the fame to be conti* 
nued at pleafure beyond m, ib as to reach its utmoit: 
limits. Let this cohimn be divided into an inde« 
finitely great number of equal parts, a b, be, c d, 
&c. and the quantity of air contained in any on* 
of thofe parts, or its denfity, will be in proportion 
to the quantity of air which is fuperincumbent on 
a that 
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that part* Now, the difference between the quan- 
tities of air incumbent on any two contiguous parts 
• is the quantity contained in the uppermoft of thofe 
parts ; that is, for example, the quantity fuperin- 
cumbent on d is lefs than that which is incumbent 
on c by the difference or part c d : therefore the 
quantities contained in the equal parts or divifions 
arc die-^iiflFerences between the incumbent mafles of 
air taken in a regular fucceffion ; and thefe quan- 
tities or differences have been fhewn to be in pro- 
portion to the incumbent mafles, *Now, it is 
demonftrable, thai^ if any fucceflion or feries of 
magnitudes-do increafe or decreafe in fuch a man- 
ner, that the differences (hall be in proportion to 
the magnitudes themfelves, then thofe magnitudes, 
and coniequcntly their differences, Ihall be in a 
continued geometrical progreflion : whence it fol- o 
lows, that the denlities or quantities of air contained 
b the equal divifions or parts a b, b c, c d, &c. mud 
decreafe in a continued geometrical progreflion. 

On thefe confiderations is founded the barome- h 
trical method of meafuring the elevations of moun- 
tains, or other eminences. The principles made 
uie of may be explained as follows : 

If a barometer were carried upwards with an i 
miifbrm motion through the column of air a m. 

Let a, h, c, dy &c. be magnitudes, whofe diiFerences are 
as the magnitudes themfelves. 



That is 

Then 

And 



a czzb b, b drzc c, &c* 
aib : cidy &c^ 

D 2 (fig. 
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(fig. 127.) its elevation above the furfaceof the 
Earth would increafe by the continual addition of 
the equal fpaces Ab, be, cd, &c. fo as to be Aic- 
ceffivcly rcprefented by the natural feries of the num- 
bers I, 2, 3^ &c. but the mercury in the tube 
would continually defcend fo as to pafs through 
heights that would be proportional to the preffures 
or denfities of the air (52, b, c.) at a, b, c, d, &c. 
k: that is to fay, while the elevations above the fur- 
face of the earth increafe arithmetically the heights 
of the mercury in the tube will decreafe in a coiv 
tinual geometrical feries (35, o.) 
L Now, it is well known, that if a continued 
geometrical feries, beginning with unity, be ranged 
in order, with an arithmetical feries, beginning 
with o, or a cypher, the numbers of the latter feries 
will be the logarithms of the correfpondent num- 
bers of the other. Such are the numbers before 
us J for the greateft denfity of the air, or greatefl: 
height of the mercury, may be called unity, and 
anfwers to an elevation of o, or nothing above 
M the Earth's furface. The elevations above the 
Earth's furface will therefore be the logarithms of 
the heights of the mercury in the barometer. 
N If therefore we were provided with a table of 
logarithms, or an arithmetical feries of known 
unities or meafures, adapted to that geometrical 
feries which expreffes the gradual defcent of the 
mercury, while it is carried with an uniform mo- 
tion upwards, the dilFerences of the logarithms of 
any two given heights of the mercury would in 

faa 



OF ELEVATIONS* 37 

fad: be the difference of the elevations above the 
Earth's furface, or it would be the perpendicular 
fpace through which the barometer had been car- 
lied, in order to produce that defcent of the mer- 
cury. 

But as there is no fuch table in being, it would o 
become neceflary to compute direftly from the pro- 
perties of the geometrical feries, if there were not a 
method of applying the common tables of loga- 
rithms to this purpofe. It is a property of all loga- 
rithms, that if the difference between the logarithms 
of two numbers be taken in one fet of logarithms, 
and the difference between the logarithms of the 
lame two numbers be taken in logarithms of 
another form, the proportion between thcfe two 
differences will be conftant for all p^irs of num- 
bers fo taken ♦, From hence if the difference of 
two elevations be experimentally found, and the 
refpc6tive heights of the mercury obferved at each, 
it will not be difficult to deduce any other difference 
of elevation from obfervations of the heights of the 
mercury at each, 

• In the following ferles, 

o. 3* 6. 9. 12. 15. logar. 

0. 2. 4. 6. 8. 10. logar. 

1. n. n^ 1)2 n^ n^ numbers. 

it is obvious, that the logarithm of any number in one feries 
has 1^ conilan; r^tio to th^ logarithm of the fame number in 
the other feries. And the differences between the logarithms 
of two given numbers in the two feries of logarithms will have 
the fame conftant ratio, as being the logarithms of one and 
the fame number, namely, the quotient of thofe two numbers. 

D 3 An 
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p An example will render this clear. Suppofe the 
height of the mercury in a barometer be 29.565 
inches^ and the height of the mercury in another 
barometer, placed at an elevation of 7 10 feet above 
the former be 28.770 inches, it is required to find 
the difference of elevation of two barometers, whoft 
mercurial columns ftand relpedtively at 28.9 inches, 
and 27.5 inches. 

0^ If the altitude of the mercurial column, 30 
inches, be taken as unity, or the firft term of the 
geometrical feries, the two firft altitudes will be«* 
come fraftions ^;^% and —^ of that unity, the 
number 710 being the difference of the loga- 
rithms, or correfpondcnt terms of the arithmetical 
feries of elevation, taken in feet. Take now the 
difference of the common logarithms of thofe frac-» 
tions, or, which is the fame, the difference of the 
logarithms of their numerators thus ; 

^9.565 its logarithm, - • x.4707779 
28.770 its logarithm, - * ^ ^4589399 

Difference, .q 1 1 8380 
R And this difference .01 18380 will bear th6 fame 
proportion to the difference of elevation 71Q, as 
the difference of the common logarithms of any 
other two altitudes of the mercury will be to the 
difference of elevation between them (37, o ;) fQ 
that with refpeft to the thing required. 

From the logarithm of 28.9 - 1.4608978 
Take the logarithm of 27 ,5 - i .4393327 

The difference is .021565 1 

And as .0118380 ; 710 : : .0215651 : 1294 feet* 

As 
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As the two firft terms are of conftant ufe in s 
tbefe computations^ it will be advantageous to 
reduce them to the fimpleft exprefllon: thusj as 
•01 18380 : 7 10 : : 1 : 60000 nearly; Co that^ inftead 
of working the proportion with the two firft terms^ 
it will be fuiEcient to multiply the difierence of 
the logarithms by 6oooo> and the produft will give 
the elevation in feet of one barometer above the 
other. 

But to multiply this difierence by 60000 is the t 
fame as to multiply it by loooo^ and by 6. The 
m\)ltiplication by loooo is eSeded by moving die 
decimal point four places farther to the right: 
whence it is feen^ that the decimal point being 
xiemoved four places to the right, converts the 
difierence of the logarithms into a number that 
requires to be multiplied by 6 to reduce it into 
feet. The number itfelf is therefore the height in u 
fathoms and decimal parts : 

Confequently, the fliorteft general rule for v 
meafuring heights by the barometer is^ take the 
difierence of the logarithms of the heights of the 
mercury at both ftations, and the four firft figures 
following the decimal point will be the fathoms, 
and the reft a fraftion of a fathom, exprefling the 
elevation. 

It is evident, however, that this rule fuppofes vr 
the Ipecific gravity of the mercury to remain unal- 
tered, becaufe its height could not otherwife be a 
iettled meafure of the dcnfities of the air that fuf- 
tains it. It is likcwife implied, that the denfity of 

D 4 the 
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the air is fubjeft to no other change than may xvify 
from its diminifhed comprei&on in afcending to- 
wards the upper regions of the air i but neither of 
thefe pofitions can be admitted in the adual prac« 

% tice. For all bodies expand and occupy larger 
ipaces when their temperature is increafed. The 
mercury in the barometer, when heatedj will be 
fpecifically lighter, and will confequently afcend 
from that caufe, even though the preffure of the 
air Ihould remain unchanged : and the air, wheq 
expanded by the fame agent, will not diminilh its 
preflufe after the ufual ratio in afcending ; or, if 
the fame geometrical feries be fuppofed to be re- 
tained, the unity of its logarithms will be greater 
than before, and the general rule, (39, v) inftead 
of giving fathoms, will give a number of Ibme 
larger meafure. Thus, we fee, that the rule can 
be true only with reipeft to air of a given tem- 
perature, and that in all other cafes it will I'equire 
to be Gorrefted. 

y By a very valuable fet of experiments it is found, 
that the nfiercury in a barometer changes its alti* 
tude by heat, according to the following table : 

z If the mercury in the barometer ftand at 30 
inches when the temperature is 32^ ; it$ change 
will be, for every degree, 

between between between between 
o and 32^ 32^ and 52' 62 and 72 72 and 92 

falls 0.0034 inch. rif. 0.0033 rif. c.0032 rif. 0.0031 

4 In order therefore that we may know the efFeft of 
the air's preffure on ^he barometer, it is recjuirecj, 

th^( 
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that its height fliould be corrcfted by the addition 
or fubtra£tion of thefe quantities^ according to the 
number of degrees of temperature above or below 
32®, and in proportion to its height. 

It is alfo pretty well eftablifhed from barometri- b 
cal obfervations, and from experiments made with 
air of various denfities, that its expanfions by heat 
are as in the following table. The height of the 
mercury is taken to be the mean between the heights 
at the extremities of the column of air, and the 
column entitled correftion fhews the expanfion or 
diminution of the column of air in thoufandth parts 
of the elevation given by the general rule (39, v.) 

Mean height of barometer 30 inches. <; 

Mean 

Temperature Correilion, Difference for 

of the air. I inch, barom. 

92^ ^ c3 156.381 6.0925 

H ^ 11 131. 188 5,111 



o > 



72 2-2 105-047 4-0925 

62 ii 78-427 3-0555 

52 51-335 a.oooo 

42 25.193 0.9816 

32 I o. o. 

22 I 24.242 0.4722 
12 ^ 47-532 0.9259 

The philofopher who undertakes to meafure d 
heights barometically fliould be provided with two 
portable barometers, of the beft conftrudion, on 
which he may read off the height of the mercurial 
pplumns to the 500th part of an inch i each baro« 

metier 
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meter muft be fitted up with an attached thcmio^ 
meter, fet in the wooden frame in the fame manner 
as the barometer-tube is. It is convenient that the 
ball of each thermometer be nearly of the fame 
diameter as the barometer-tube : he ihould alio be 
provided with two other thermometers, detached 
from the barometers. One barometer with its 
attached and detached thermometers is to be placed 
in the fhade, on the eminence, whofe height is re* 
quired, while the other remains in the plain below* 
Thefe muft be fuflfered to continue in their places at 
Icaft a fufficient time for the detached thermometer 
to acquire the temperature of the air, that is to fay, 
till it ceafes either to rife or fall. The obferver on 
the eminence muft then make an obfervation of the 
height of the mercurial column, and alfo of the tem- 
peratures exhibited by the attached and detached 
thermometers at the fame time that the obferver in 
the plain performs the like with the inftruments 
below. It will tend much to diminifh the errors, if 
three or more fets of obfervations be taken at each 
ftation after (hort intervals of time, and the nieao 
of the whole be made ufe of as the true obferva* 
tion. 
B The nearer thefe direftions are adhered to the 
more accurate will be the rellilt; but they will 
admit of confiderable deviations in the practice. 
In cafes where better inftruments cannot be had, 
any well made portable barometer, graduated fb as 
to fhew the true fall of the mercury, may afibrd 
obfervations by no means to be defpifed* For a 

fmall 
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0naU error in the pofidon of the zero^ or lower 
pointy from which the fcale of inches begins, pro- 
vided the point be fixed, will not fenfibly afFeft the 
reiulc i and the attached thermometer may be dif* 
pcnfed with, if an hour or more be allowed for the 
mercury in the barometer to acquire the tempera- 
fiire of the furrounding air, which is (hewn by the 
detached thermometer. A fingle barometer may 
ftipply the place of two, if the obfervations can, 
within any moderate fpace of time, be made firft 
in the plain, then on the mountain, and again re* 
peated on the plain : becauie it may reafonably be 
prefumed, that if the two fets of obfervations on the 
plain agree together, the common denfity of the air 
below has not changed during the operation. The 
obfervations being made, the height may be de- 
duced according to the following lummary of die 
contents of the preceding pages : 

Firft. Reduce the height of the mercury in each f 
barometer to the height it would have ftood at in 
the temperature of 32^. This is done by adding 
ft) the height, or fubtrafting from it the quantity 
indicated in the table (40, 2, a) for that pur- 
pofe, according to the number of degrees the 
attached thermometer ftands below or above 32^^, 
and the obferved height in the tube. 

Secondly. Take the difference of the logarithms o 
of the reduced heights of the mercury in each baro- 
meter ; of this difference, the four firft figures on 
the left will be the logarithmic elevation in fathoms, 
(he remaining figures being a decimal. This wiU 

be 
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be the true elevation^ if the mean between the tem« 
peratures indicated by the detached thermometer 
be 32^. 
H Thirdly. But if the mean temperature of the 
column of air, as indicated by the detached ther- 
mometers, be above or below 32^ ; find the mean 
between the two altitudes of the mercury j extract 
from the table (41, c) the two numbers in the 
column of differences that range oppofite the two 
temperatures, between which the mean temperature 
of the column of air lies ; multiply each by the 
number of inches (and parts, if the elevation be 
great) which the mean altitude of the mercury 
differs from 30 inches. Subtradt thefe produfta 
from the refpeftive oppofite numbers in the column 
of correftion$, if the mean altitude of the mercury 
be lefs than 30 inches, but add, if it be greater. 
Find the difference between thefe two remainders 
or fums, and multiply it by the number of degrees 
by which the mean temperature exceeds the lower 
of the two adjacent temperatures in the table* 
Divide this produft by 10, and add the quotient to 
the leaft of the twp remainders or fums, lafl men- 
tioned. The fum will be the true corredtion in 
thoufandth parts of the logarithmic elevation. Re- 
duce it into fathoms, by multiplying it into the 
logarithmic elevation, and dividing by 1000. This 
quotient being added to the logarithmic elevation, 
if the mean temperature exceeds 32^, or fubtradted^ 
if it fall Ihort of 32^,. will give the true elevation 
or perpendicular diftance between the two baro- 
meters. 
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Example^ Suppofe the following obfervations i 
to be made, it is required to find the elevation, or 
vertical diftance between the barometers. 

Lower ftation. Upper flation. 

Caernarvon quay. Peak of Snowdon. 

Heightof mercury, 29,976 in. 26.289 inches. 
Attached thermometer, 621^ - 461.^. 
Detached thermometer, 62 - 46 

The computation. By the table (40, 2) the k. 
reduction for the lower barometer comes out o.i, 
which, fubtraded from 29.976, gives 29,876. By 
the fame table, the reduftion for 46 1.^, with a co- 
lumn of 26 inches, comes out .042, which, fub- 
ti^ed fronci 26.282, leaves 26.240 inches. Now, 
the logarithms of the reduced altitudes, 29.876, and 
26.240, are i. 4753225, and i. 41 89638, the diffe- 
rence of which is .0563587, or (43, o) 563.587 
fathoms. 

The mean temperature between 62* and 46^ is i^ 
54**, and confequently the logarithmic refult will 
require corredions by the fecond table. The mean 
between the two barometrical heights is 28 inches, 
or 2 inches below ^o* The two numbers in the 
column of difference oppofite the temperatures 52H 
and 62^ are 2.0000, and 3.0555 ; thefe, multiplied 
by the number of inches, or 2, give 4.0000 and 
6.111J the number 4.0000, fubtrafted from its 
oppofite in the column of correction, 51.335', leaves 
47.335; ^nd the number 6.1 11, fubtrafted from 
78.427, leaves 72.316; the difference between 

thefe 
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thefe remainders 47*335 ^^ 72*316 is cu^gtt, 
which^ multiplied by 2, the number of dcgna by 
which the mean temperature 54^ exceeds 52**, the 
lower of the two adjacent temperatures in the table^ 
^ves 49.962. This produft^ divided by ip, ia 
4.99621 which quotient^ added to 47.3351 the leaft 
of the two remainders, makes 52.331, the trufc cor- 
ref^ion in thoufandth parts of the logarithmic de- 
vation. 

M The true correftion 52.33 1, being multiplied by 
the logarithmic altitude 563, produces 29462.353^ 
thisdivided by 1000 afibrdsaquotientof 29.462353; 
which is the true corre&ion in fathoms, to be added 
«b the logarithmic elevation, becaufe the mean 
temperature exceeds 32^ : the fum, namely, 
563-5*7> added to 29.462353, makes 593-049353 
fathoms, or 3558.297 118 feet, for the true ele- 
vation required *. 

M The intelligent reader will readily perceive, that 
though the decimals in this computation are moftly 
retained, yet, it will in general be fufEciently exad^ 
and much lefs operofe, if only the two firft decimal 
figures of any number be retained. 

o The advantages of this method, compared with 
the geometrical method of meafuring elevations are, 

♦ This method, which is taken from Col. Roy's excellent 
paper in the 67th volume of the Philofophical Tranfadxons, 
may be rendered more eafy in the pradtice, by extending the 
tables fo as to give the correfHons at fight, as in ibme meafure 
done in the original; but the brevity of the prefent work pre- 
vented their being copied here. 

firffi. 
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firft, tiic inftruments are neither very expenfive nor 
even difficult for an ingenious philofopher to make 
in any country where he can procure quickfilver 
and glafs tubes; but the geometrical method de- 
mands inftruments of confiderable price^ which can 
fcarcely at all be conftrufted by the moft ingenious 
peribn who is deftitute of the tools, and unac-- 
quainted with the artifices required to render them 
correct* Secondly, The barometers require no 
other adjuftment than to obferve prcvioufly, whe- 
ther they agree, and to allow for their difference. 
Tht barometrical obfervations are likewife eafily 
itiades whereas, on the contrary, the previous adjuft- 
ment and fubfequent ufe of inftruments for mea- 
fusing angles require a degree of precifion and 
ilull not ufually obtained without praftice. Thirdly, 
The error of obfervadon in the barometrical method 
for all elevations is nearly a conftant quantity, never 
amoundng to fo much as half a fathom for a mif« 
take of the 500th of an inch ; but any error either 
in the meafurcment of lines or angles proportionally 
affefts the refult ; fo that the greater the elevation 
required to be mealured, the larger the quantity of 
error. Foxirthly, The barometrical obfervations re- 
quire no particular circumftances of advantage, 
either in the figure or fituation of the mountains 
required be be meafurcd, nothing more being 
required than that both ftations be acceflible. 
Thcfe obfervadons, and the computation, are per-^- 
formed after the fame method in all cafes ; but in 
the geometrical method, if the horizontal diftance 

of 



of the two ftations be confiderablc, or if there be! 
not a convenient plain for meafuring a fundamental 
bafe, the operation becomes very complicated^ and 
the chance of error is multiplied. 

It muft not^ however, be difguifed, thit the prin-» 
ciples of the geometrical method are eftabliflied 
and fure, and that an extreme degree of exa£fcnefa 
may be obtained in this way by good inftruments 
in the hands of a Ikilful obferver. Whereas the 
modifications of the atmofphere, with relpeft to the 
effeft which exhalations of various kinds, and the 
greater or lefs abundance of the elcftric mattcrj 
may have in expanding the air, without changing 
its temperature, are not yet fufficiently known to 
render the corredions altogether as perfcft as might 
be wifhed. Future obfervations muft point out 
thefe, and in the mean time it is to be remembered, 
that the elevations determined by the barometer, 
when the extreme temperatures of the column of 
air do not greatly differ, and when the air is cold 
and dry, are moft to be depended on *. 

* For a more full account of this curious fubjedl^ confult D« 
Luc's Recherches fur les Modifications de I'Atmofphere. Sir 
George Shuckburgh's valuable Obfervations made in Savoy^ 
in order to afcertain the height of mountains by means of the 
barometer, infertedin the Philofophical Tranfa^Uonsy vol, 675 
with Col, Roy's, and Mr. de Luc's papers, in the fame vo- 
lume ; alfo Damen's DifTertatio Phyiica et Mathematica dc 
Montium Altitudine barometro metienda: and the authors 
by bim cited. 
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CHAP. II. 

0^ tnt REFkAeriVE i»OW£k OF trtE AIR ; AND 

THE CAUSE OF TWILIGHT. 

THAT the celeftial fpacc or heavens is either q^ 
nearly or abfolutely vacuous, appears from 
the fmall refiftance the planetary bodies fuffer in 
their motions ; fuch refiftance, if it obtain at all, 
being too minute to be clearly afcertained by any 
obfervations we are in ppflefllon of. Light there- 
forci when incident on our atmolphere, paffes from 
a mrer to a denfer medium, and ought, according 
to the principles of optics, to be refraded towards 
die perpendicular (i. 262, a.) And this is accord* 
ingly the cafe. Let the circle abc (fig. 1-30.) r 
rcprcfent a fedkion of the Earth, and the external 
concentric circle the furface of the atmofphere 5 let 
H N be the fenfible horizon of a place a, and s the 
Sun beneath the horizon $ then a ray of light inci- 
dent on the furface of the atmofphere at i, will, in- 
fiead of proceeding to a, be refracted towards the 
perpendicular i £> and that continually the more as 
the denfity of the medium becomes greater, {o that 
it will arrive at a after pafling through the curve 
I A ; and a TpeAator at a will behold the Sun in the 
line of the laft dire£tion of the ray, namely, in that 
of a s, the tangent to the curve. The apparent ele- s 
vation which a celeftial body fuSers when its rays 
Voi.IL E fall 
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fall with the greatcft obliquity, to wit, when it is 
feen in the horizon, is about thirty-three minutes 
of a degree : at other altitudes the diflferences be- 
tween the true and apparent places are lefs> the 
incidences and reira£tion$ being lei^ coniiders^ble. 

T Hence it conies to paf$, that we fee the celeftial 
bodies for fome time after they are fet, and before 
they rife in reality, by which means, we dSj:^ 
about three days in the year more day-light tkan 
Qtherwife we fhould : but in the northern, parts, 
where the fun rifes and fets more obliquely, and tiie 
s^tmofphere being condenfed by cold, re^wSb 
morp ftrongly, the difference is much greater. 

u The refra<£lion, as well as all the other pheno- 
mena produced by the atmofphere, are variaUie, 
as the denfity of the air chainges. Tfeis variation 
renders the obfervation of iow^ altitudes uncertain, 
as the allowance for refradfeion cannot be eoUcfljed 
with great precifion from any tables. The trigo- 
iiometrical admeafurement of the heights of lofty 
mountains is likewifc rendered lefs accurate 6om 
this caufe, 

r A method of difcovering the height of the atmo- 
fphere* is deduced from obfervations of the morn- 
ing and evening twilight. Notwithftanding tte 
very great tranfparency of the air, it may be rm- 
dered vifible by means of the rays of light refiefted 
from its parts in all direftions. This efFeft is fcen 
when the beams of the Sun are admitted into a room 
dirough the window-fhutter, and may frequently 
be obferved when the Sun fhines through the 
2 Qhafms 
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chafms or openings in a dark cloud : from which 
[:aiife it happens^ that thofe bodies which enriiia. 
vctj fmall quantity of light are not to be difcerned 
n this ib-onger light* In the day-time the ftars w 
ire iavifible, and the Same of a candle can fcarcely 
yt ieen in the fun-fhine : were it not for this illup 
nination the iky would appear blacky and the ihad^ 
ides of olpjcifts would be of a dark colour, nearly 
:he fame ^s at midnight.' 

The Sun ftiining on the globe of the earth can x 
Uuftiinate but one hemifphere at once, as has 
ilready been fhewn | but it is not fo with the atmo- 
'phere which environs the globe. Thus, the illu- 
ninated part of the globe terminates at d and d, 
[fig. laS.) but the atmofphere is enlighted as far 
IS B and b. In confequence of this it happens, 
ihat thofe parts which have akeady entered into the 
dark hemifphere, and to which therefore the l^un is 
fet, muft ftill enjoy a degree of light that cond- 
:iues as long as any of the enlightened part of the 
itmofphere remains in view. This light, which r 
gradually decays • after fun-fet, or increafes before 
fun-rife, is called the twilight. Let AHCDdb 
^fig. 129.) reprefeht a feftion of the Earth in the 
plane of the Sun's azimuth, and let the fpace con- 
tamed between the concentric circles reprefent the 
atmofphere : then, the Sun's rays in the direitibns 
SB, sb, will illuminate half the globe d cd, and the 
atmofphere will be enlightened as far as b and b on 
each (ide within the dark hemifphere ; which en- 
^hcencd part, lb long as it continues above the 

£ 2 horizon 
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horizon of any place^ will caufe a twilight i 
place. The ray s p b is a tangent to the E 
V, and meets the circumference of the atmc 
at B. From b draw the line ah, a tangent 
Earth at a, which continue to^^uxis n; h 
then repreient the horizon^ in which the e 
point b of the enlightened part of the atncM 
will be iituated $ that is, twilight will be j 
ginning or ending at the place a. The angi 
which is equal to the angle a £ d^ will be th 
of the Sun's depreffion beneath the horizq 
2 and the angle aeb isthe half of aed» I 
if the depreffion of the Sun beneath the h 
and the femidiameter of the Earth be kM 
will be eafy to find the height of the atmo 
For, in the right angled triangle abb^ 
As the fine complement of half 

the Sun's depreffion - - aeb 8^ 30' 
Is to the Earth's femidiameter - a e 3437 1 
So is radius - - fine 90^ 

To the hypothenufe - - - fb 3475 

The difference between which and the femiili 
of the Earth, is the liiie hb^ or height 
A atn)ofphere, 38 geographical^ or 44 Englifli 
The angle of the Sun's depreffion is knoim 
time elapfed between the beginning or end i 
light, and the rifing or fetting of the Suni 
is judged to be twilight (o long as the Ulmn 
of the atmofphere prevents the fmaller fin 
' from, appearing. It is alfo obferved, that thi 
ing are always longer than the morning tw 
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winch muft arife from the rarcfaSJon of the air over 
i^ place, after the day's fun-lhine/ A limilar 
iifl^nce is obferved between the twilights of fum- 
naer^d winter. 

Thi^^ explanation- js fufficient to fhew the caufe b 
of the twilight. But in ftrift computation tht refrac- 
tion to which^the light is fubjeA three times before 
it comes to the ey« (hould be allowed for, and will 
ioniewhat diminilh the height deduced. 



CHAP. III. 

CONCERNING THE CAUSES BY WHICH THE SPRING 
OF THE AIR IS ALTERED, AND WINDS ARE PRO* 
i9UC£D« 

TH E expanfion of air by heat^ while the pref- c 
fure remains the fame^ has already been taken 
BOtice of (40^ X.) Heat therefore increafes its 
fpring, as may be fliewn by the following expe* 
riment: 

Let ADB (fig. 131.) fcprefent a hoUow-glafs- D 
ball^ having a narrow bent tube a c c e affixed to 
it. The lower part of the bent tube, and part of 
the J>all> is filled with mercury, as in the figure ; 
the lurface a b within the b^U being on the fame 
horizontal line with die furface at c in the tube. 
The parts of the mercury will then be in equilibrio, 
the external fur&ce c being prefled by the weight 

E 3 of 
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of the ttmolphere^ and the internal furfacc a » bo^ 
ing preiTad by the fpring of the included suri whidi 
is equal to that weight. But if the ball be inrmierfed 
in boilbg watcr^ theincreaied fpring of the includod 
air preffing on the*iurfacc a b> will raife the mer- 
cury from to G» and there fuftain it^ naHndy, at 
the height of 8 1 incheq, when the mercury in the 
Torricellian tube ftands at 30 inches. And is the 
contained air is not fenfibl j dilated by the extnifioa 
of fo fmall a quantity of mercury, the fuilentatioa 
may be regarded as the entire effeS: of its ipring. ; 
The fpring of the included air at die heat of boiling | 
water is therefore not only equal to the weight of 
the atmofphere, but likewife to an additional prefiure 
of more than A of th^t weight. 

z 5y the f^me inftrumeht, it is found, that the elaT* 
ticity of the air is weakened by immcrfion in very i 
cold or freezing mixtures. ' And conclufions fimilar i 
to thefe may be made by various methodSj> which 1 
the attentive learner will readily difcover. 'j 

r In the foregoing experiment the air was pre- 
vented from expanding, in confequence of its in-^ 
creafcd fpring, by the preflure of the mercury, but 
if, inftcad of putting mercury into the ball, a Imall 
quantity be made to hang in the tube, as at o h, 
it will by it3^ motion indicate the dilatation or con* 

c traftion of the included air. By a method fimilar 
to this it is fouiid, that from the point o in Fahren- 
heit's thermometer to the heat of boiling water, or 
' 112^. common dry air expands ib as to occupy ao 
additional fpaqe more than before, equal to the frac* 

tion 
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don •484^1 bf its filler bulk. But the expanfions 
of moift air are ihtiich greater *• 

It tirHl not be difficult from thefe experiments to h 
pwiit 6trt the caufes df many phenomena that hap- 
pcft ih the tur. For, if any part of the air be either 
iKaiCedy or charged with vapor, it will expand, and 
ih cdh&quence of that expanfion become Ipecifi- 
dJly lighter than before. It muft, therefore, by the 
kws of hjrdroftitics, afcend, and the circumambient 
air tnull prefs in on all (ides to (upply its. place. 
Hence she catife of the afcent of (hioke in a chim« 
ncy. The iit which pafles through the fire, or 
cmnes within a certain diftance from it, is Rarefied, 
ahd' afeend^, giving pkce to the cold air that 
prefles in : this in its turn beoomes rarefied, and th^ 
alcendUig current of air continues as long as the Rrt 
is kept up, the wind drawing from all parts towards 
the chimney* 

If the fire were in the open air, the heated ab i 
would (till afcend in a current, and the cobler air 
prefs in on all fides ; that is td^ay, a wind would 
be generated, which would confixmtly blow to-^ 
^f^ards the fire« The quantity of air rarefied by any 
fire wc can make is (b fmali, that the wind produced 
■by that means is too inconfiderahle tp be perceived at 
any gre^^t diftance from the fire; but the rarefadions 

^ Mulchenbroek's Cours de Phyfi^ue infa^ be confalted for 
an abftra^ of what iftas Wen done refpefiting the expanfion of 
SOT by Amontons, and otherfi^ But the moft copious and valu- 
able fet of experiments are thofe of Col. Roy, in the Philofo- 
pbical Thiaii^dlQis, |>art 2. for th^ yeai- 1777. 

E 4 arifing 
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ftrifing from natunil caufes are fufficient to produce 
all the winds that agitate the atmofphere^ 
L The fenfible horizon is iu)t only divided into 
360 degrees, like other great circles^ but alfb into 
32 equal parts^ called pomts of the cbn^ipa(s^ which 
are again fubdivided into halves and quarters. The 
points of the compafs have each a feparate name; 
The points of interfedion between the meridian 
^d the horizon are termed North and South 1 and 
two other points, at the diftance of 90^ from the 
North and South, are termed Eaft And Weft; 
thefe four are denominated cardinal points* The 
intermediate points take their names frpm the car«* 
dinal points between which they are Htuated, as4n 
the figure^ where the initial letters N. S. E. W, 
(fig* ^3^0 ftand for the word? North, South,; Eaft, 
Weft. 
h A wind is named from the point of the compafs 

from which it blows. ^ 

jM The different winds may, with refpeft to their 
diredlion, be reduced into three claffes, viz. gene* 
ral, periodical, aai variable winds. 
N General winds blow always nearly in the fame 
direftion. In the open feas, that is, in the Atlan- 
tic and pacific Oceans, under the equator, the wind 
is found tp blow almoft conftantly from the eaft* 
ward ; this wind prevails on both fides of the equa« 
tor to the latitude of 28^. To the northward of 
the equator, the wind is between the North and 
Eaft, and the more northerly the nearer the nor^ 
thern limit j to th? foythwarji pf th^ equator^ the 

wind 
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md is between the South and Eaft^ and the more 
fputherly the inearer the fouthern limit. 

Between fhe parallels of a8^ and 40^ fouthlat. o 
ifttfewraft which extends from 30° Weft to 100® 
JEaftlongiljude from the meridian of London, ^the 
wind is vaf iable^ but by far the greater part between 
the N/W. and S. W. fo that the outward bound 
Eafl:.india (hips generally run down their eafting 
on tie parallel of 36*^ fouth. 

Beyond the northern limit of the general wind in p 
the Atlantic Ocean, the wefterly winds prev^il^ but 
not with any certainty of continuance. 

Near the weftern coaft of Africa, within the <l 
limits of the general wind, the winds are found to 
be deftefted towards the I faore to fuch a degree, 
that they are found to blow from the N. W. and 
S. W. quarters for the moft part, inftcad of the 
N. E» and S* £. as is the cafe farther out at fea. 

The general winds are ufually called trade-winds, r 

In the Atlantic Ocean, the S. E. trade- wind ex- s 
tends as far as 30 northy and the N. £. trade-wind 
ceafes at the 5th degree N. In the intermediate 
fpace are found calms, with rain, and irregular un- 
certain fqualls, attended with thunder and lightning. 
But this fpace is ftiifted farther to the northward or 
fouthward, accordingly as the Sun's declination is 
more northerly or foutherly. 

Periodical wind$ are thofe which blow in a cer- t 
tain direftion for a . time, and at ftated feafons 
change and blow for an equal fpace of time from 
the opppfite point of the compafs. Thefe may be 

divided 
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divided intb two claffes^ viz. monfboni, or wind& 
that change annually ; and land and fca-bfcczcs. 
Or winds that change diurnalljr. 

u While the Sun is to the northward of the equ!-* 
noftial, that is to fay, in the itibnths of Aprili 
May, June, July; Auguft, and September, th€ 
wind blows from the fouthward Over the whole 
extent of the Indian Ocean; namely, between the 
parallels of 28*^ N. and 2i^ S. latitude, and be- 
tween the eaftern coaft of Africa and the meridian 
which pafles through the weftern part of Japan* 
In the fea between Madagafcar and New Holland^ 
the S. E. wind prevails as far as the equator, where 
it is deflefted, and blows into the Arabian Guflf and 
Bay of Bengal from the S, W. Between Madagat 
car and the main land of Africa, a S. S, W. wind 
obtains, and coincides with the S. W, winds in the 
Arabian Gulf. To the northward of New Holland, 
the S. F. wind is predominant, but varies very 
much among the iflands ; and between the penin- 
fula of Malacca and thelfland of Japan, a S. S. W» 
wind prevails. All this is to be underftood for 
the aforementioned months. 

7 But in the other months, Oftober, November, 
December, January, February, and March, a re- 
markable alteration takes place. In the fea between 
Madagafcar and New Holland, the S. E. wind • 
extends no farther to the northward than about the 
loth degree of fouth latitude, the other 10 degrees 
being occupiied by a wind from the oppofite point 
of the compafs, or N. W. at the fame time that the 

winds 
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iHnds in all the northern parts of the Indian OcdSk 
ihift round, and blow direftly contrary to the courfe 
thejr held in the former fix months. Thefe winds 
. arc called monfoons, or Ihifting trade-winds, 

Thefe changes are not fuddcnly made. Some w 
days before and after the change, there are calms, 
variable winds, and dreadful ftorms, attended with 
thunder, lightning, and rain. 

On the greater part of the coafts of lands fituared x 
between the tropics, the wind* blows towards the 
ihore in the day-time, and towards the fca in the 
flight. Thefe periodical winds are termed the land 
and fea breezes, and are much affefted, both in their 

» 

diredion and return by the courfes of rivers, 
tides, 6rc. 

Variable winds are thofe which are fiibje£ted to y 
no period, either in duration or return, and are too 
well known to need defcription. 

Jf the air were uniformly of the fame denfity at z 
the fame height, and the lighter parts always repoied 
%ipj/t the heavier, it is evident that, the lateral pref- 
Cure being equal in every horizontal dire^ion, it 
would remain at reft. But if, on the contrary, any 
portion or part of the air were heavier than the refL 
ic would defcend, or if lighter, aicend till the equi- 
librium was reftored; fo that either the diiplaced 
air would occafion a wind, diverging from a cen- 
Iralfpace in coniequence of the defcent or pourii^ 
down of the heavier air, or etfe the air niAiifig in, 
W6uld occafion a wind converging fo a central 
^ace to fu|)ply the lighter afcending ftream. It a 
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is therefore evident, that any agent that alters the 
denfitjr of a part of the air will produce a wind. 

B The denfity of air is changed by conrpreflion; 
and by heat. Its elafticity is increafed by the 

' addition of moifture, and eledbricity may have 
likewifc fome effed of the fame kind. The cbni« 
preflion the air fuffefs in the natural courfe of 
events, is nearly uniform, and experiments arc 
wanting to decide, whether the addition of moif* 
ture to air at any of the ufual temperatures does 
not augment iis denfity as Aiuch as the increafed 
elafticity diminifties it; neither have any methods 
been yet devifed to ihew, whether air in different 
fituations with refpeft to eleftricity is altered in its 
dimenfions. In confidering the caufes of winds, the 
principal agent to be attended to muft therefore be 
heat. 

c If the Earth did not revolve on its axis, it is 
plain that the Sun, being ftationary over one parti- 
cular fpot, would rarefy the air at that fpot: it 
would confequently afcend by the preflure of the 
circumambient, and lefs rarefied air, till it arrived 
at a region in which the air was fufHciently rare to 
fuffer it to expand on all fides: and thus there 
would be produced a converging wind near the 
furface of the Earth, and a contrary or divergent 
wind in the upper region of the air. But fince the 
Earth does revolve on its axis, and the Sun there- 
fore is not ftationaryi) it muft follow, that the place 
where the air is moft rarefied will be found fiicceC* 
. fively: in. every point of the parallel over which the 

Sun 
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Sua moves in the courfe of a day. And as this 
l^lace continually moves to the weftward, the lower 
air muft as cAnftantly follow it. Hence we have the 
origin of the general N. £• and S. £• trade-winds^ 
which no doubt would extend over the whole of the 
ipace between the tropics, -were it not for the dif- 
ferent temperatures of the continents and iflands 
over which the Sun paffes. For the furface of earth 
is more heated than that of the fea, by reafon that 
the tranfparency of the water permits many of the 
rays of light to pais to its interior parts before they 
arc fbfled and loft. The air therefore, contiguous 
to the land, being more heated than that which rcfts 
upon the fea, will prevent the regularity of the 
effeft. Thus, near the weftern coafts of Africa and 
America, the winds blow from the weftward, to 
fupply the conftant rarefaftion thofe heated lands 
produce. 

The general N. E. and S. E. trade-winds, pro- d 
ducing in the upper region of the air winds in 
the contrary diredions, feem to be the caufe of the 
wcfterly winds which are obferved to prevail between 
the latitudes of 2 8 ^ and 40^ . 

In accounting for the monfoons, or periodical i 
trade- winds, it is neceflary to mark the peculiar 
circumftances which obtain in the Indian Ocean, 
and which are not found in the Atlantic or Pacific 
Oceans. They feem to be thefe. Thax the ocean 
is bounded to the northward by ihores^ whofe lati- 
tude does not exceed the limits of the general 
trade- wind, and that the general trade- wind falls on 
lee*ihores to the weftward. 
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P The Sun being twice in the y<iar vertical m tho 
equator, and never departing more than 9^t^ 
from thence, caufes the air in that climate to be 
hotter than at any other pl^ce on the ocean ; amt ia 
ihfi occaGon of the trade-wind> as has already been 
(hewn. Such a rarefied fpace oiuil extend mwU 
tbe Indian Ocean, and produce a S. £• wind to the 
ibuthward, and aN. £. wind to the northward of 
the equator, over which, in the upper regions of the 
air, the winds return in the contrary dire&ioDS; 
This we accordingly fee happens in the nuniths*of 
Oftober, November, December, January, Febru- 
ary, and March. But when the Sun declines to the 
northward, and heats the lands there, the air con- 
tiguous to thofe lands become rarefied, and the 
lower air has a tendency to move that way. This 
tendency iacreafes as the Sun advances farther 
North, fo that the whole body of the lower air 
to the northward of the equator moves towards the 

' northern lands, notwithftanding the equatorial rare- 
faftion, which muft be fupplied by the upper or 

G returning current. It feems then that the body of 
the lower air in the northern part of the Indian 
Ocean is determined as to its courfe by the greater 
rarefaftion 2 if the rarefadion at the furface of the 
land be greater than that at the equator, the wind 
blowa to the North, and the contrary happens when 
the equatorial rarcfaftion is greatcft. When the 
northerly trade-wind prevails, it blows out of the 
Arabian Gulf upon the coafts of Arabia, Aynan and 
Zanguebar, and is xtfie&ed into the (traits of 

Mofambique. 
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M^^ambique. Ant& 9X the other i^fon, the general 
ioutberly wiod km^ iq be reflefted to the weftwar4 
lq|F the fame caufe. 

Tbdk, or fonme; fuch Jike^ are probably the qiufes h 
c^ the woda that prevail io the Indian feas. Bm 
lto.<)iblcrYation9..im tte ui pojl^^on of are too few 
and too inaccurate for the purppfe of forming a 
dflorjr* 

Oa the fa^e principles it will not be diifficglt i 
ttHMSCOtint for the land and fea breezes. For^ be- 
cwft the land il heated in the day-time^ the wind 
nuft blow ia ib^e to fupply the place of the afcend* 
log rarefied air : and in the night the land cools^ 
and condenfes the air^ occafioning the land breeze. 

The circumftances that produce the variable k 
wincb are referable to thofe already noticed, but 
aft ifi differently in particular cafes and fituations^ 
d&at it is fcarcely pra^cable to reduce them to any 

When feveral winds converge fwifdy to one l 
p<nnt, the air afcends with great rapidity^ and ac- 
qiures a whirling motion, like that of water defcend- 
ing in a funnel. And as the centrifugal force in 
this whirling motion of the water is often fufEcient 
to countcrpoiie the lateral preiTure, and to prevent 
its approaching the central part, it frequently hap- 
pens, that a perforation is feen quite through the 
body of the fluid. In like manner, the centrifugal 
force of the air may become equal to the preflure of 
the atmolphere, and confequently leave a void fpace 
about the center of the motion. This phenomenon 

is 
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is called a whirlwind^ and fbmetimes produccss facal 
cffefts. For, partly by the cxpanfion of the air in- 
cluded in houfes or other buildings ; and partly hiy 
the violence of the afcending current, it happen^ 
that bodies near the center of the whirl are blown up 
into the vacuum, or carried aloft mith IggMit ixapb' 
tuofity in a Q>iral motion. 
M If one of thefe whirlwinds happen ut 6a,. 4lie 
preiTure of the atmoiphere being taken ofF idutt p»t 
of the iurface aver which the vacuum b ibraflcd|! 
the water, on the principle of the Torricellian 4Cib^ 
will rife to the height of thirty^two or thirty^thrilltf 
feet before it will be in equilibriowith die odDenMl 
prefTurc. The afcending warm air being moft ptOi^; 
bably charged with vapours, will fufi^ theat to^ 
condenfed as it arrives in a colder region, and ^twi. 
the courfe of the current will be marked.by/lte 
denfe and opake vapor, and by the continual afoQMC 
a cloud will be fonned above. Thefe are the phe« 
nomena of water-fpouts. At firft a violent circular 
motion of the fea is obferved for a fpace fometimes 
of twenty feet diameter -, the fea rifes afterwards 
by degrees into a tapering column of about thirty 
feet in height, at the fame time that a cloud appears, 
from which a dark line or column defcends. This 
column is met by another, which afcends fbmewhat 
like foioke in a chimney, from the lower or fblid 
part of the fpout. After this junftion the cloud 
continually increafes till the whirl ceafes, and the 
appearance terminates* 

CHAP- 
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CHAP. IV. 

6t SOUND; AND OF MUSIC. 

WHEN obtufe bodies move in elaftlc fluids, n 
they condenfe that part towards which they 
move at the fame time that the part they recede 
fixwn is rarefied. This condenfation or rarefaftion 
muft produce an undulatory or vibrating motion in 
the Buid. Thus, if a body by perculTion or other- 
wife be put into a tremulous motion^ every vibra- 
tion of the body will excite a wave in the air, which 
fwill proceed in all directions fo as to form a hol- 
low fphere j and the quicker the vibrations of the 
body fiicceed each other, the lefs will be the diflance 
between each fucceflive wave. The fenfation ex- o 
cited in the mind by means of thcfe waves which 
enter the ear, and produce a like motion in a thin 
membrane, ftretched obliquely acrofs the auditory 
pailage, is called (bund. But the term is fre- 
quently ufed to imply not only the fenfation excited 
in the mind, but likewife the afFedtion of the air, or 
of the fonorous body by which that fenfation is pro- 
duced* Thus, we fay, that a found is in the air, 
or that a body founds when ftruck, though the 
affeAion of the air or body is very different from 
the fenfation < 

That bodies move or tremble when they produce p 
found, requires no particular proof: it is evident in 
drums, bells, and other inftruments, whofe vibra- 
VoL. II. F tiofts 
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tions being large and ftrong, are therefore more ; 
perceptible : and it is equally clear, that a finnilar 
vibration is excited in the air, becaule this vibration 
is comniunicated through the air to other bodies 
that are adapted to vibrate in the fannc nianner : 
• thus, bells, glaffes, bafons, and mufical (lriags» 
will found merely by the aftion propagated from 
other founding bodies. 

(^ It is eftabliihed as well by mathematical reaibn- 
ing from the nature of an elaftic fluid, whofe com- 
preffion is as the weight, as from experiment, that 
all Ibunds whatever arrive at the ear in equal times 

R from founding bodies equally diftant. This corti- 
mon velocity is 1 142 Englifh feet in a fecond of 
time. The knowledge of the velocity of found is 
of ufe for determining diftances of fhips, or other 
objefts: forinftanre, fuppofe a fhip fires a gun, the 
found of which is heard 5 fcconds after the flafh is 
feen; then, 1 142 multiplied by 5, gives the diftance 
5710 feet, or i Englifh mile and 430 feet. 

s When the aerial waves meet with an obftacle 
which is hard, and of a regular furface, they are 
reflefted'; and confequently, an ear placed in the 
courfc of thefe reflefted waves will perceive a (bund 
fimilar to the original found, but which will feem 
to proceed from a body fituated in like pofition and 
diftance behind the plane of reflection as tlie real 
founding body is before it. . This refleded found is 
called an echo. 

T The waves of found being thus reflexible, nearly 

the fame in effedt as the rays of light, may be 

2 deflcfted 
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defleAed or magnified by much the fame con- 
trivances as arc ufed in optics. From this pro- 
perty of rcfleftion it happens, that founds uttered 
in one fociis of an elliptical cavity are heard much 
magnified in the other focus : inftances of which are 
5, found in feveral domes and vaults, particularly the 
idiifpering gallery at St. Paul's Cathedral in Lon- 
don, where a whifper uttered at one fide of the dome 
b mflefted to the other, and may be very diftinftly 
liord. On this principle alfo is conftrufted the 
: ^pelking trumpet, which either is or ought to be a 
if Infiow parabolic conoid, having a perforation at the 
I vertex, to which the mouth is to be applied in 
I ^aking> or the ear in hearing. 

. id addition to the advantages we enjoy from the u 
perception of found, when the fenfe of feeing can- 
fiOtbe employed, and in conveying our thoughts to 
each other by means of the aflbciations formed be- 
tween words and ideas, we receive great pleafure 
from the combination of found known by the name 
of mufic. 

If a body be ftruck, and the vibrations excited v 
be all performed in equal times, the undulations 
produced in the air will be fo likewife, and a fimplc 
and uniformly fimilar found will be produced, ex- 
cept as to loudnefs or intenfity ; for, as the vibra^ 
tions grow lefs ftrong, the found decays. But if the 
"^brations excited be various and difTimilar, a lik^ 
variety of difiimilar undulations will be produced in 
the air -, and the found mud be harlb^ as if feveral 

F 2 founds 
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founds were heard together* The firft of thefe 
founds is ^ mufical tone, and the latter a noife. 
w This is confirmed by experience ; for we find 
that thofe bodies which are the moil uniform ill ! 
their texture, and by confequence bcft adapted to 
vibrate fimply and ifochronally, always produce tlie 
moft mufical tones i as for example, malTes of ela(^ 
tic metal, brafs^ caft-iron, and the like. And this | 

4 

tone is more ftriftly mufical if the metal be £> 
formed as to vibrate in the fimplefl: manner poC- 
fible. Thus, -a hollow metallic veflcl or bell, if ji: 
be well formed and not damaged in the tuning, 
will give but one uniform mufical tone, or at leaft 
the tones produced will confifi; of one predominant ^, 
or principal tone, and fcveral others that have a : 
perfed mufical agreement with it. A wire of an 
uniform thicknefs, ftretched.over two hard bridges 
or fulcrums, will produce the fame efi^eft. Mufical , 
tones may be obtained by various means j but it . 
will fufficiently anfwer ourprefent purpofe to attend 
only to the fimplefl: method wherein firings or wires' \ 
are made ufe of. 

X Experience and reafon have efl:abliflied the fol- 
lowing pofitions refpedling the vibrations of cords 
or fl:rings. 

y The forces or weights which are neceflfary to 
draw an extended chord ab (fig, 133.) out of its 
place to the difl:ances ce, cf, eg, are dirc6Uy 
proportional to thofe dittances, provided the chord 
be not top much drawn afide. 

There-% 
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ft. ^ 

Therefore, fince the forces with which the chord z 
tturns to its firft fituatioxi, when fet at liberty, are 
ilways in proportion to the fpace it has to pais 
ihrough, the vibrations mud all be performed in 
equal times. 

If chords differ only in thicknefs, the times of a 
their vibrations will be diredtly as their diameters. 

If chords differ oiily in tenfion, the times of b 
their vibrations will be inverfely as the fquare roots 
of the weights by which they are ftrctched. 

If chords differ only in Icrngth, the times of their c 
vibrations will be diredly as their lengths. 

That tone produced by a ftring that vibrates o 
quickly is termed acute or fharp, when compared 
mch the tone of a firing that vibrates (lower; and 
Ac tone produced by the latter is called grave or 
flat, when compared with that of the former. 

If two chords be ftruck, either at the fame inftant a 
or in immediate fucceffion, the coincidence of found 
is plealing or difpleafing, accordingly as the two 
tones produced (land related to each other in gra- 
vity or acutenefs : if they be fo related as to afford 
plcafure, the coincidence is called a concord, but if 
not, it is termed a difcord. 

A fet of tOf>^s which follow each other, and afford f 
jdcafure, is called melody; a {ftx. of cotcmporary 
tones which afford pleal'ure, is called harmony. 

The more frequently the vibrations of two chords o 
coincide with each other the perfcfter the concord 
will be J thus, two equal firings, equally flrctched, 
will each give the fame tonej the vibrations of the one 

F 3 will 
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Wfll coincide with thofe of the other> and the con- 
cord will be moft perfeft : again, two firings, differ- 
ing only in length j the one being half the lengdi 
of the other, will vibrate the one twice while the 
other vibrates otace, the coincidence will be at eVerir 
fecond vibration of the fhorter ftring, and a concord 
will be produced, but lefs perfeft; if the ftrings l^t 
in length as 2 to j, the coincidence will be lefs fre- 
quent, namely, at the third vibration of the fhorter 
ftring, and the concord will be ftill lefs perfeft : and 
fo forth. 

H By the help of thefe principles all ftringed in- 
ftruments are conftrufted; that feries of mufical 
tones being felefted, which experience has ihewA 
to be belt adapted for the purpofes of melody and 

I harmony. The feries is called the diatonic icale^ 
and its properties, together with the names of tbc 
tones, may be feen in the following fcheme : 

Names. Lengths. Perfedlion. 

^'d^cZl''''' J I : I Moft perfea concord. 

Second - - 10 : 9 Difcord. 

Third greater 5 : 4 Imperfeft concord. 
Fourth ---4:3 lmperfe6t concord. 

Fifth - - - 3 •• ^ Perfeft concord. 

Sixth greater - 5:3 Impcrfedt concord. 

Seventh greater 15 : 8 Difcord. 

Oftave - - 2:1 Perfeft concord* 

K The above is called the ftiarp feries, in contra- 
diftindkion to the flat feries, or fcale, wherein the 
third, futh, and fcventli are lefs or flat, being in 

the 
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the ratios of 6 : 5, 8 : 5 and 9:5. There are 
likcwife other inter. -nedi ate tones ufed in praftice, 
as the fecond lefs, and fourci: gieateis whofe lengths 
areas 16 : 15, and 7 : 5. All thefe are found 
in die conftruftion of inftruments 5 that by their 
means the perf jrmer may place his fundamental, or 
principal note, on any of the tones at pleafure, and 
\Jc the other tones which ftand in tiie above rela* 
tioos to it y fuch being found fufficiently near for 
praftice, though not fo perfeflly accurate as in the 
ieries the inftrument is formed for. 

The notation of mufic, andthe relations of diffe- l 
lent fcales to each other, together with the other 
jarticulars on which the rules for compofition 
and accompanyment depend, require too copious 
an explanation to be admitted in this place. 
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73 THE BAROMETER, 

C H A P. V. 

A WSCRIPTION OF VARIOUS INSTRUMENTS, CO»f.] 
SISTING CHIEFLY OF SUpH AS DEPEND ON TH|] 
PROPERTIES OF THE h\^ FOR THEIR fcFFEpTS, 

M THHE merctiry in the Torricellian tube fbnds 
^ at the height of about thirty inches, by irieam 
of the preffure of the air, and in confidering the 
phenomena of winds, we have feen that this pirf 
llirp is not every where alike, nor always the fame 
at any particular place* In confequence of this4t 
happens, that the mercury in the Torricellian tube 
does not preferye the fame invariable altitude : fi)f, 
when the air at any place is denfe, the mcrcuiy 
^ands at a greater height thari when it becomes 
lighter (32, b): thus the tube becomes an in? 
fbrument to indicate the varying weight of tl^ 
atmofphere, and when fixed in a proper framf 
with graduations to meafure the altitude of ^e 
pfiercury, is known by the name of the b^rometpr* 
The variations 4fe between the altitudes of on\ 
jjnd 3p' inches. 

N The heights of twQ barometers canqot be com^ 
pared together with any exaftnefs, unlefs they be 
t)oth conftrufted in the beft manner. The fpec^fic 
gfavity of the included mercury ought to be acci)- 
rately found \ and it is neceflary to boil it in the 
tube, for thp purpofe of effeftually excluding the 
sir apd moifture from within. }f the furface of the 

mercury 



I mercury expofed to the air be larger than that in 
the txibe^ and this laft be lefs than half an inch 
in diameter, the mercury will not rife to its full 
leight. This difference ought to be known, and 
fllTowed for between different barometers. 

, Xh? iqftrument, fig. 131. is ufcd under the o 
name of the marine barometer, it being ufeful at fea> 
- ffhfire the common barometer is of little fervice, on 
jcoount of theihip's motion, which caufes the mer« 
cury to librate up and down in the tube. But as 
tWs barometer is fubjeft to alteration, on account 
of heat android, as well as* on account of change 
in the weight of the air ; and the diftinguiihing 

the cffe6ts of each is attended with fome little trou- 

ble, it is not much in ufe on fhore. 

There are many contrivances for enlarging the p 
divifions on the barometer, fuch as inclining the 
tube, and the like j but they are all fubjeft to in- 
conveniences, on account of fridion, which the 
upright barometer is free from. 

An inftrument fimilar to the marine barometer q^ 
^as formerly made ufe of to indicate the varying 
temperature of the weather. For the marine baro- 
meter is alfo a thermometer, and its variations being 
thus occafioned by two caufes, prevent its being 
applied to either purpofe. The thermometer, or in- 
ftrument ufed to exhibit degrees of heat and cold is 
therefore conftrijfted by the ufe of other fluids. 

The property of expanfion by heat not being r 
peculiar to air, but .common to all bodies, we are at 

liberty 
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liberty to choofc any fubftance in nature for a ther- 
mometer. In this choice it is required^ that the 
body nnade ufe of ihould be fuch^ that its expanliodBtt 
may be the eflfeft of heat alone^ that they may be 
eafily and corrcftly meafured, and that the bodjr 
may be capable of performing its office in tempe- 
ratures very diftant from each other. As the prcA 
fure of the atmofpliere is not confiderable enough to 
^Cer the dimenHons of denfe bodies in any j(eQ- 
Gbk degree, it i$ plain that their mutations wiU 
indicate the efk&s of heat alone, and conie* 
quently they muft be very proper for the matter 
of thermometers : but thefe mutations being very 
^ fmall in proportion to ;he whole bulk, folid bodies 
muft be inconvenient for the purpofe, on account 
of the great length required to make them percep- 
tible : but in fluids, by means of proper veflels, it 
will be cafy to render the leaft alteration vifiblc j 
for if the neck or ftem of any glafs-veflel be very 
fmall in proportion to the contents of the bulb or 
bottle, the leaft expanfion of the included liquor 
w i* occafion v vilible rife in the neck. Thus, ab 
(fig. 134.) represents a glafs-tuhe, whofe end a is 
blc*wn into a ball : this ball, and part of the tube, 
being filled with quickfilver, the leaft change of 
the bulk of the quickfiiver^ and confequendy of the 
temperature of the circumambient air, or contigu- 
ous bodies, is ihewn by a rife or fall of the fur- 
face in the tube ^ the quantity of which is indicated 
by the fcalc a b, aflixed to the frame of the inftru* 
ment. 

Quick- 
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Quickfilver is the beft fluid for thermometers, t 
becaufe it is not fubjeft cither to alter its expanfibi- 
litf, or to foil the tube, and gives befides'a very 
atenfive (bale of divifions. The thermometer ufcd 
in Britain is graduated according to the fcale of 
the celebrated Fahrenheit. There are i8o divifions 
cr degrees between the freezing and boiling water 
joints ; the freezing point being reckoned ja^ 
above o, or the ^commencement of the fcalc *. The 
degrees are counted both upwards and downward? 
from o. A good thermometer muft poffefs the 
following properties. The upper end muft be her- 
xrietically fealed, and the empty fpace above the 
quickfilver muft contain no air, or at moft very 
little. • This circumftance is afcertained by holding 
the inftrument with the ball uppermoft j in which 
fituation the mercury will immediately run fo as to 
fill the whole capacity of the tube. The fcale muft 
be well adjufted, and divided according to die 
capacity of the tube. To prove this, let the ther- 
mometer "be taken from its fcale, and laid in fnow, 
or pounded ice, juft beginning to melt: it fhould 
be covered nearly as high as the freezing point, or 
32^ is fuppofed to lie. When the mercury becomes 
ftationary, mark the tube with the edge of a knife 
where it ftands, or, if there be a mark ready made, 
as there commonly is, obferve whether it accurately 

• Reaumur's fcale, principally ufed by the French, begins 
at the freezing point, and proceeds both ways from o. From 
ireezing to boiling water is 80 degrees. 

agrees 
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agrees with the flirface of the mercury, if it doeSj 
the freezing point is well fettled. Wrap now feveral 
folds of linen rags or flannel round the tube of the 
thcrnnomcter nearly as high as the fuppofed boil- 
ing point 5 hold the ball of the thermometer in the 
afcending current of boiling rain-water about two 
or three inches below the furface j pour bpUing 
water oh the rags three or four times, waiting a 
'few feconds between each^ time, and wait feme 
feconds after the laft time of pouring on water be- 
fore the boiling point is rharkcd on the tube, in 
order that the water may recover its full' llrength 
of boiling, which is confiderably chec^ted by 
.pouring on the boiling water. This laft expen- 
ment muft be made when the barometer ftands at 
^9.^ inches. The adjuftment of the fixed points 
being thus afccrtained^ faften the thermometer again 
to its fcale, and agitate it fo as to break or divide 
the thread of mercury in the tube. By varioufly 
inclining the inftrument the feparated portion of 
mercury may be made to reft in different parts of 
the tube, and its length obferved on the fcale. If 
its length in every part of the tube correfponds to 
the fame number of degrees, the fcale. is well 
divided. This laft objed is by no means to be 
neglefted : for it feldom happens that the diameters 
of thermometer- tubes are fufficiently regular to 
admit of a fcale. divided into equal parts. Such 
a fcale will ufually produce an error of upwards 
of a degree near the temperature of 1 20^, though 
'• J the 
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the fixed points be ever fo well fettled; and in 
fome inftances the error may even amount to four 
or five degrees. 

Thermometers with fmall bulbs, and tubes in u 
proportion, are the moft ufeful. For a large vo- 
lume of mercury requires a confiderable time to be 
dther heated or cooled, . and if it be immerfed in 
any liquid, it will change the temperature of the 
liquid much more than a finaller inflrument would 
ha^e done, and confequently is lefs adapted to 
ihew the temperature of the liquid at the tinoe of 
its immerfion. If the fcale of a thermometer be 
of a dark colour, and the thread of mercury fmall^ 
its ftation will be rendered more difcA-nible by flip- 
jing a piece of white paper behind the tube. 

The preffure of the atmofphere on the outfide of v 
-a thennometer not being counterafted by the fpring 
<rf' any included air, is exerted in diminifliing the 
■afize of the bulb, and fuftains the mercury fome- 
-what higher than it would ftand, merely by reaibn 
of its temperature. This is proved by breaking 
€)ff the fealed end of the tube ; in confequence of 
"which the mercury immediately falls. This quan- 
tity varies with the weight of the atmofphere, but 
the quantity of the variation can feldom amount to 
more than the tenth part of a degree. Thermome- 
ters with fpherical bulbs are lefs adled on by the 
weight of the atmofphere than others. 

If the bent tube ced (fig. 135O be filled with w 
water, and the Ihorter leg ec immerfed in the 
water contained in the veflel ab, the water will 

all 
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ail flow out at the aperture d^ and the vefTel will be 
emptied. For the preffure that lupports the wate^ 
in the leg c e is equal to the weight of the atnrvau 
fphere, and is counteraftcd by the weight of the 
column EC, and the preffufc that fupports the Water 
in the leg de is the fame weight, but coantera<%eif 
by the column e d. And as b d is longer than sc^ 
the preffure of the atmofphere on d will be Mi 
effcftual than that on c ; confequently the whofe 
mafs of water in the tube will move towards tht 
orifice d, receding from the greater preffure. - This 
inftrument is called a fyphon, and is fonflfetimes ufed 
to draw liquors out of cafks that are fo placed 'aS 
not conveniently to be moved. 
X A very probable account of the caufe of interrrtit^ 
ting fprings may be given on the principle of the 
fyphon. For, letCFC (fig. 136.) reprefeAt a da* 
vity or receptacle in the bowels of a mountain, 
from the bottom of which c, proceeds the irregular 
cavity or fyphon ced: then, if by fprings or 
otherwife the receptacle begin to fill, the water 
will at the fame time rife in the leg ce of the 
fyphon till it has attained the horizontal level h h : 
when it will begin to flow out by means of the 
leg E D, and will continue to increafe in the quan- 
tity difcharged, as the water rifes ftill higher, till 
at length the fyphon will emit a full ftream, and by 
that means empty the receptacle. At this period 
the flream will ceafe, till the receptacle being again 
filled, will again exhibit the fame appearance. And 
tiick periodical returns of flood and ceffation will 

be 
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oc regular, if the filling of the refcrvoir be fo ; but 
the interval of the returns muft depend on the 
dimeillions of the apparatus, and the quantity of 
mxtr furnifhed by the fprings. 

The adlion of that very ufeful inftrument the y 

common pump, depends on the prefTure of the atnrH>- 

fphcre,. It confifts of a pipe cd (fig. 137.) whofe 

lower end c is immerfed in water : at b is fixed a 

valve opening upwards, and in the fuperior part 

of the tube is worked a pifton a, fitted very clofely 

in the pipe by means of leather. In this alfo is a 

valve opening upwards. Now, if the part above b 

be filled with water, to render the whole air-tight, 

the pifton a being thruft down to b, and afterwards*. 

railed, will leave a vacuum or void fpace between 

B and A, into which the air contained in the lower 

part of the pipe cb, will expand itfelf. The fpring 

of this air being thus weakened by the expanfion^ 

will fio longer counterpoife the efFcft of the preflure 

of the atmofphere, and the water will rife in the tube 

tfU the equilibrium is reftored. By deprefling'the 

pifton A, the valve b is fijfiered to clofe, and a pare 

of the air between the valve and pifton efcapes 

through A. After a few ftrokes, the whole of the 

included air is extraded, the water rifes through the 

valve B, and is difcharged by the pifton a. This 

operation may be continued at pleafure. But if z 

the height b c be more than 34 feet, the water 

will not rife to the valve i for a column of frelh 

water of that length being equal to the weight of 

the atinofphere, it can be raifed no higher by tliat 

weight* 
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weight. Thus it happens for the fame r(^afofi that thc 
mercury in the barometer never rifes beyond si 
certain height -, and if a pump^ finiihed with thci 
utmoft exaftnefs on the principle here defcribedy 
be made to work in mercuryj it 'ivill not raife k 
beyond that height. 

A The fire -engine a£ts by nieans of the weight 
and elafticity of the air. For it is compoied of 
two barrels, e and Dj (fig. 138.) in each of which 
a folid pillon or plunger is worked by means of a 
double lever. Thefe barrels communicate with 
the water by a pipe, not expreffed in the figure: 
they alfo communicate with the ftrong cylinder or 
veffel CO, by the pipes l and t. At m and k in' 
the barrels are valves opening upwards^ and at t 
and T are valves which open towards the cylinder. 
In the figure, the pifton in d being raifed, the 
water rulhes in at k, while that in e being dc«* 
preffed, forces its contents into the cylinder 
through the valve t. At the next ftroke the barrel 
E raifes the water, while the contents of the barrel 
D are forced into the cylinder : and thus the alter- 
nate aftions of raifing and forcing may be conti- 
nued at pleafure. Now, the water being forced 
into the cylinder, comprefles the air contained 
within into a fmall fpace ; and this air reading on 
the water, drives it in a continual ftream through 
the pipe poqjr, which may be direded as neceflity 
fhall require. 

B The great force of comprefied air is fhewn by 
many experiments, particularly in the performance 

of 
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of the wind-'gun. Fig. 139. reprcfents a feftion of 
this infirument. ak is the barrel, containing a 
bait iat K. This barrel is contained within another 
larger;tube c d r e, and in the intermediate cavity^ 
the air' is -compreffed and kept, m n is a cylindH- 
cal cavity in the ftock or butt end of the piece, in 
which a piiion works, for the purpofe of forcing 
the.w.inco the before-mentioned cavity. The air 
ia pvevented from returning by the fhut or valve 
p, which is opened by the air, as it is forced in^ 
bnt '^t other times^ is kept fhut by the ipring of 
the included air. At l is placed another valve, 
prcQed clofe by means of a fpring on the onfice of 
the bacrelj to prevent the air from efcaping. A 
wire piffling through a hole, rendered air-tight by 
wtt«aod«,greafy leather, is affixed to this valve, 
and appears afterwards at o, in the form of a trig- 
ger« When the trigger is drawn back, the valve 
L. opens, and the air ruihing out, drives the ball 
with a force that feems not much lefs than if it 
were difcharged from a mufquet. 

A variety of curious and pleafing fountains may c 
be formed by the help of the propenies of thp air 
combined with hydroftatical principles. The fol- 
loixdng is one of the fimpleft. a b c d ( iig. 140.) is a 
copper veflel, near two-thirds filled with water : at 
u is fcrewed in the tube i o, the junftion being 
made air-tight by means of wet and greafy leather, 
and in the upper part of the tube is fixed a flop- 
cock H. The flop-cock being opened, a forcing 
fyringe is fcrewed on at i, and a great quantity of 
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air injeded, whence the air in the cavity abfV> 
being very much condenfedj prefles on the furfftce- 
of the included water. The ftop-cock being then 
ihut> the fyringe is removed^ and an adjutage 
Icrewed on in its place; through which, if ' the 
ftop-cock be again opened, the water will Ipout 
forth with great violence. 

Fig. 1 41. is a drawing of a very ingenious fbtin- 
tain, whofe conftruftion will be better underllood 
from the ieStion exhibited in fig. 142^ bc is an 
open difli, or veflel. r s and t u are relervoirs for 
watery each of which is divided into two by the 
partitions v i and x y . The tube £ f pafles through 
without communicating with the upper refeivoir, 
and ferves to convey water from the bafbn b c to 
the part t x v of the lower i*cfervoir. The tube o * 
forms a communication between the part txy of 
the lower, and r v i of the upper refervoir. The 
tube I K forms a communication berweeh the part 
R V I of the upper, and y x u of the lower refervoir. 
And the tube m l forms a communication between 
the part y x u of the lower, and i v s of die upper 
refervoir. LaJfUy, diere are openings at o n p q^ to 
fill or evacOate the refervoirs, and an adjutage pipe 
D I communicating with the part i vs. The mode 
of adion is this : water being poured into the up- 
per refervoir by the openings o and n, the foun- 
tain is fet upright, the openings being previoufly 
clofed, and alfo the adjutage d. The bafon bc 
muff then have water poured into it till it ceafes 
to run 'down the pipe ef. In this fl:at6 the 
2 fountain 



nmtain may be faid to be charged. For the 
rater that has paiTed down e f condenfes the air 
1: the part TXY, and alfo in the fuperior part 
iir r, by means o( the tube of communication c h. 
[a the fame manner the water paiTes from tlie up- 
per refervoir down the tube ik into the other 
knrer part yx u, and condenfes the air there as well 
iS'in the other upper part vis, by means of the 
pq)e of communication ml. The water in the 
wgptr part vis is therefore preffed by air condenfed 
by the weight of the column i k, and alfo of the 
column E F, becaufe r k is in effcft prefled by this 
laft. Open the adjutage d,* and the w^ter will 
iffue out and rife (20, b) to nearly the height 
of both the columns e f and i k together. The 
water in both thofe columns muft defcend, but als 
die tube £ F is fupplied by the falling jet that if- 
ftcs out of the chamber vis, while the tube i k is 
foppUed by the water from the chamber r v i, the 
fountain will continue to play till the upper cham- 
bers V I s and r v i have refpedtively emptied them- 
felves into the lower chambers txy and yxu. 

In many mechanical engines, where the force e 
of an elaftic fluid is required, the {team of boiling 
water is made ufe of, becaufe it is eafily obtained, 
is prodigioufly elaftic, and may be quickly de- 
prived of its elafticity. 

The firft engine we have any account of, for r 
rttfing water by the force of fteam, was conftruftcd 
tbout a century ago upon the principle of the fi- 
gure, (fig. 143.) where h reprcfcnts a copper 

G 2 boiler 
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boiler placed on a furnace. £ is a ftrauti 
veflel communicating with the boiler by ma 
a pipe at top^ and with the main pipe a I 
means of a pipe i at bottom, a b is the main 
immerfed in the water at b. d and c are twoj 
valves, both opening upwards, one being pi 
above, and the other below the pipe of con 
nication x. Laflly, at c is a cock that ferves 
cafionally to wet and cool the veflel £, \yj\ 
from the main pipe, and f is a cock in the 
of communication between the veflcl £ ami 
boiler. 
\ The engine is fet to work, by filling the 
per in part with water, and alfo tl^e upper pa 
the main pipe above the valve c, the fire la 
furnace being lighted at the fame time. ^ 
the water boils ftrongly, the cock f is opened^ 
fteam rulhes into the vefTcl e, and expels tl 
from thence through the valve c. The vcl 
thus filled, and violently heated by the fteai 
fuddenly cooled by the water which falls on it 
turning the cock o, the cock f being at the 
time (hut, to prevent any frefh acceilion of f 
from the boiler. In confequence of this, the £ 
in E becoming condenfed, leaves the cavity i 
in almoft intirely vacuous : the preflure of th 
mofphere at b, therefore, forces the water thr< 
the valve p till the veffel e is nearly filled* 
condenfing cock c is then fhut, and the f 
. cock F again opened \ the fteam rufhing ini 
expels the water through the valve c, aj it b 

■ 
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; did die air. Thus e becomes again filled with hot 
fteam, which is again cooled and condenled by the 
water from g, the fupply of (team being cut off 
by (hutting f, as in the former operation : the wa- 
ter confequently rufhes through d, by the preflurc 
of the atmofphere at b, and e is again filled. This 
water is forced up the main pipe through c, by 
opening f and (hurting g, as before. It is eafy 
to conceive^ that by this alternate opening and 
(hutting the cocks, water will be continually 
nifed^ as long as the boiler continues to fupply 
thefteam. 

For the fake of perfpicuity, the drawing is di- h 
vetted of the apparatus that ferves to turn the two 
cocks at once, and of the contrivances for filling 
die copper to the proper quantity. The engines 
rf this conffandion were ufually made to work 
with two receivers or fteam veflTels, one to receive 
the fteam, while the other was raifing water by 
the condenfation. This inftrument has been fince 
improved, by admitting the end of the condenfing 
pipe o into the veffel e, by which means the 
fteam is more fuddenly and efFedually condenfed 
dian by water on the outfide of the veffel. 

The advantages of this engine are, that it may 1 
be ereftcd in almoft any fituation, requires but 
little room, and is, fubjefl: to very little friftion in 
its parts : its difadvantages are, that great part of 
the fteam is condenfed, and lofes its force upon 
coming into contaft with the water in the veffel e, 
&nd that the heat, and elafticity of the (team mult 
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be increafed in proportion to the height the water 
is required to be raifed to. On both thefc ac- 
counts a large fire is required^ and the copper muft 
be very ftrong, when the height is confkleraUe» 
otherwife there is danger of its burfting. The fol- 
lowing engine is much to be preferred when th^ 
work to be done i$ heavy, and is lefs chargeable 
in fuel, becaufe it ads by nneans of fteatn whofe 
denfity is not much greater than that of the com** 
mon air. 
: In fig. 144. H reprefents the copper boiler on 
its furnace. £ is a cylindrical veiTel of iroii|^ ia 
which the pifton 00 moyes up and down> the 
edges of the pifton being ^med with oakum and 
grcafc, render the whole cavity between the pifton 
and the bottom of the cylinder air-tight, f is a 
c<>ck to admit fteam into the cylinder from the 
boiler. 1 k is a lever, attached to the pifton at r,. 
and at k to the pifton of a pump which works 
on that fide, p q^is a folid pifton moving in the 
pipe R M, and loaded with a heavy weight af: p. 
ABC is the main pipe that receives the water forced 
firom RM through a valve c opening outwards. 
w is an air-rvefiel communicating with the main^ 
pipe. D is a valve opening upwards, and at m 
U the water to be raifed. 
h In the drawing, the engine is reprefcnted in the- 
pofition it has at the end of a forcing ftroke» 
which is likewife its pofition when at reft. Sup- 
pofe the main pipe ab c to be filled with water, 
and the water in the copper h to boil ftrongly. 

The 
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The cock F being then opened, the fteam ruihcs ' 
into the cylinder, and being much lighter than the 
air, rifes to the top, and expels the air through % 
valve in the bottom of the cylinder. ThU being 
accompliflied, f is fhut, and the cock o conunu- 
iucating with the main pipe is opened, which imme^ 
diately condenfes the fteam, by violently fpputing 
icold water againft the bottom of the piiton. * A 
vacuum being thus obtained, the preiSure of the 
atmofphere forces the pi(ton down to the bottom 
of the cylinder -, the lever i k is moved of courfe, 
the pifton pQ^with its weight is raifed, and the 
water afcends in the piper m k upon the principle 
<^ the common pump. The cock o being now 
ihut^ and f opened, the fteam enters the cylinder, 
and counteracts the preflbre of the atmofphere on 
the pifton o o. In confequence of this, the weight 
p prevails, and drives down the pifton r ^, forcing 
the water through the valve c into the main pipe 
<and its ^ir veflel. The ufe of the air veficl is to 
prevent the main pipe from burfting by the fudden 
entrance of the water i for the air at k being 
daftic, gives way to the ftrpke, and its rea&ion 
during the time of elevating the pifton p q. con- 
tinues the motion oC the water, £:> that its velocity 
is no more than half what it would have been if 
it had been impelled by ftarts, and refted during 
the railing of the pifton. By opening the cock o 
and ihutting f, the fteam is again condenfed, the 
preiTure of the atmofphere again prevails, and thus 
the work may be continiied at pleafure. 

G 4 In 
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M In this drawing likewife) the mecfaanifm is otmt^ 
ted> that fenres to open and Ihut tlie cocks. This 
office is perforcned by a beam and ropes attached 
to the ]ever i k, fo that the attendance required is 
very little more than is neceflary to fupply the 
boiler with water^ and to prevent the, fire from 
going outt. 

N The chief advantage of this engine beyond the 
former is, that the water may be forced to any 
height without increafing the force of the fteam^ 
which never need be much greater , than that of the 
atmofphere \ and therefore the boiler is very little 
en(^angered» The maximum of its power depends 
upo]> the area of the piilon oo; for the larger 
the area> the greater the column of the atmofphere 
that prefles it> and confequently the heavier the 
weight p. or counterpoife may be. If o o the pifton 
be 3^ inches in diameter, . it will be prefled by a 
column of the . atmofphere equal in weight to a 
column of mercury of that diameter, and 30 inches 
in height.; that is to fay, almoft 7 ton. 

But, notwithftanding the great fkill and con^ 
trivance difplayed in this engine, it is ^t prefcnt 
almoft entirely fuperfeded by one of a much better 
conflrudion, . invented and perfedted by Mef&s. 
Waft and Boukon, of Birmingham, In their engine, 
inftead of the piftofi oo being depreffed by means of 
the weight of the atmofphere, the fleam is thrown 
upon it, the upper part of the cylinder e being clolcdi 
and the rod l of the pifton which is fmooth and 
poiifl:>ed^ feeing admitted . through a perfpratiop, 

which. 
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diieb.is w^dedrfo«as*to be air-tight. . Thealcent 
of the pifton is obtained > by letting the fteam out 
c£ the qrlinder into a veflel at a coniiderable dif^ 
tance^ : where it meet;s with> and is condenfed by a 
J€t-of cold water; while a vacuum is conftantly 
maintained in the lower part of the cylinder by the 
a^on of the pump that carries off the inje£lioa 
water. The force of fteam employed in this en- 
gine is uiually equal to one atmofphere and a 
quarter^ and the whole apparatus is regularly 
worked by the principal lever ik. The advantages 
<^this conftruftion are, that by increafing the force 
of the fteam the power of the engine may be in*- 
crcafed, without * enlarging the diameter of the ' 
cylinder ; and a lefs expence of fteam is required 
on account of the condenfation being performed at 
a^ diftance from the cylinder, which is not there- 
fore cooled by the inje£bion of the cold water. 
This laft circumftance renders the engine capable 
oi making a greater number of ftrokes in a mi- 
nute with a much lefs expence of fuel than the old 
engine. - In fome of the lateft improved engines 
the a£bion of the fteam is rendered equal on the 
lever, by adapting the figure of the arch at its ex- 
tremity, fo that the lever is in effe6t rendered 
longer, towards the end of the ftroke, where the 
power of the fteam is weaker. 

The elafticity of the air affords a method of p 
determining the depth of the fea in places where 
a line cannot be ufed. Fig. 145. is a machine 
for this purpofe. . a reprefents a large ball of fir 

or 
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on the principle already laid down. If this inftru* 
ment vrcre to be applied to mealurc confidcrablc 
depths, the temperature of the fubmarinc regions 
VFOuld require' to be found and allowed for. 
L It is a well-known faft, that an empty vcflclji 
that is to fay, a veffel containing air, immerfed m 
water with {he mouth downwards, will not be- ' 
come filled, becaufe the fpring of the air will pre- ' 
verit the water from entering, as may be eafily feen 
l^ the help of a wine-glafs. The diving-bell is 
conftrufted on this principle. It confifts of a large 
vefle{, or kind of ca(k, fo loaded with lead as to 
fink when empty, with the mouth downwards* In 
the top is fixed a cock to let out the air, and a 
ftrong pane of glafs to afford light to the divers, • 
^Ho fit on a circular bench in the infide. This- 
machine is lowered into the water about twelve 
feet at a time, and at each paufe air is fent down^ 
in fmaller bells to the divers, and by them received 
into the cavity of the great bell, for the purpofe 
of expelling the water that enters as the preflTure 
condenfes the included air. After it has arrived 
at the bottom of the fea, the operators continue 

• 

by the fame means to replenifli the air which be- 
comes foul by breathing, fuffering the impure air 
to efcape by the cock in the upper part, as they 
receive ftefti air by the barrels or Ihiall bells j fo 
that by this contrivance they can remain undec ' 
water as long as they pleafe. .» 

The air-balloon is of two kinds ; the one in- 
tended to contain heated air, infi:|iie other ior 

flammable 
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limmable air. Hot air occupies more (pace whea • 

^^ (S4> o)y and iiiflammabk air is much 

ter at a given temperature than the common 

of the atmbfphere. From this it follows, 

any mafs of either heated or inflammabk 

i" if at liberty, will afcend in the atmofphcrc 

tuidi a force of buoyancy equal to the difFc- 

i-jtncc between its own weight and the weight of 

.aa equal bulk of common air (9, b). If the 

ho^ed or the inflammable air be included in a bag, 

aod the weight of the bag be lefs than the dif- 

vftience jufl: mentioned, the bag will be carried up- 

■Inurds, though with a lefs degree of force, namely, 

with a force equal to the difference leffened by the 

^ freight of the bag. This is commonly called an 

S dr-balloop 5 which, though its figure is not eflen- 

tial to its property of afcending, we will fupppfe 

to be a globe. If the n^agnitude of a balloon be T 

incrcafed, its power of afcenfion, or the difference 

between the weight of the included air and an 

equal bulk of common air will be augmented in 

tlic fame proportion 5 that is to fay, in proportion 

to the cube of its diameter. But the weight of 

the covering or bag will not be incrcafed in fb 

great a proportion. For its thick nets being fup- 

pofed the fame, it is as the furface it covers, or 

only as the fquare of the diameter. This circum- 

ftance is the caiife why balloons cannot be made 

to afcend, if under a gi^en magnitude, with cloth 

or materials of the fame thicknef$. 
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« Fig. i4^« reprdents the baUoon .fiift imreotc^i 
It oonGfts of an immenfe bag of canvas^ or other 
doth, painted with a compofidon that may kfloi 
its fufceptibility to take fire. A net covers t|ie 
Kipper part of its furface^ from which proceod 
TOpes that fuftain a gallery to carry the advencurat 
and fuel. The lower part is affixed to the gal* 
lery, and open to receive the ftreams of heated aad 
rarefied air, produced by means of fire maintained 
in an iron grate, fufpended in the middle of the 
orifice. The firft inflation of the balloon is e£- 
feAed by means of a fire made in a proper apara^ 
tus on the ground, and the attached grate ferves 
only to maintain the requifite degree of rarefac- 
faction, by furnifhing a fupply of heated air in thft 
room of that which is gradually condenfed by cod- 
ing. It is afcertained from experiment, that the 
rarity of the air in thefe machines depends Iblely 
on its heat and its property of cooling flowly i and 
it is likewife eftablilhed with a confiderable degree 
of certainty, that the weight of the included air 
is at a medium, about two thirds of the weight 
of an e^ual bulk of the air of the atmofphere. 
This balloon is raifed or lowered while in the at- 
mofphere, by incjreafing or diminifhing the fire. 

V Small ^ balloons of thin paper, raifed on this 
principle by the flame of a fponge, or ball of 
cotton dipped in fpirits of wine, have been exhi- 
bited in every part of Europe. 

w The inflammable air-balloon, fig. 147, is pre- 
ferable to the other, in the prefent eariy fl^e of 

our 
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tl oar knpwledge. It is ufually formed of thin filk 
fttniflicd oven When filled widi inflammable 
air, its tube of communication a is ufually clofed^ 
lb that the air is prevented from efcaping. The 
fldventurers ace. placed in a car or fmall vefiel b, 
anacbed to the balloon by firings^ proceeding from 
a act that covers its upper part. They carry bags 
of fand with them to ferve as bailafl:, and the end 
of the tube of communication^ as well as a firing 
diat by pulling may open a valve in the top of the 
balloon^ are continued down into the car. By 
duife means they have, for a limited time^ the 
power of afcending or defcending at pleafure« 
For the power of afcenlion is increafed by emp- 
tying one or more fand-bags, or diminifhed 
by fuffering the inflammable aur to efcape eidier 
by the tube or through the valve. It may be ob-. 
ferved, that the inflammable air, on account of its 
greater lightnels, will not defcend through the tube 
of communication, unlefs either by its own ex- 
panfion from heat, or by the diminifhed prefTure of 
the atmofphere at great heights, it is made to 
efcape while the balloon is fully inflated^ but it 
will ifTue from the upper valve, when open, in all 
circumftances whatever. 

The inflammable air produced in the large way, x 
by the afFufion of <liluted vitriolic acid, on iron 
Ihavings or turnings, is rather lefs than one fifth 

# 

of the weight of an equal bulk of atmoipherical 
9it. It is eflimated that a cubic inch of iron gives 
a cubic foot of inflammable air^ and the ftrong 

vitriolic 
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vitriolic acid> fold in London^ reqmres ta be dn 
luted by five times its bulk of water> for this «e»« 
pcrimcnt. 

V '.. To give at pleafiire a progreflive motion lo aiiw' 
balloons^ in any required direddon^ is a problem 
of great importance in this newly difcovered .act 
of penetrating into the fuperior regions of the ^m, 
\nofphere. Many wild and abfurd fchcmes fiar 
this purpofe have been offered to the confideradoa 
of the public ; and fome that have been carried 
into effeft have ferved only to evince the ignorance 
or the artful quackery of their projeftors. Little 
however of real value has been yet done towanjs 

' accomplifhing this purpofe. The grand difficulty 
of the attempt confifts in the large furface of tt^ 
fiftance expofed to the furrounding fluids which 
has hitherto been fuch> that the quantity of air 
required to be difplaced is fo great, that the 
ftrength of the voyagers cannot diiplace it with 
any confiderable velocity; that is to fay, when 
they have given a fmall degree of velocity to the 
machine, the refiftance of the air becomes fuch, 
that their whole ftrength will be employed in over* 

^ coming it, inftead of adding to the velocity. The 
principal objedt therefore muft be, to conftruft 
the balloon of fuch a figure as that it may move 
through the air without difplacing any confiderable 
quantity of it. As to the application of the ftrength^ 
it may be done by a varietj^ of methods. It is re- 
quired that it fliould be exerted on the air in the 
oppofite direction to that intended to be produced 

in 
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ia the balloon^ and as no mechanifm can beftow or 
create ftrcngth (i. 73, e) the fimpleft machine will 
be the bcftj becaufe the lofs by friftion will then be 
leaft. , 

The ufcs to which machines of this kind may be 
applied are numerous, and will eafily occur to any 
ingenious pcrfon. It will probably be long before 
the ^xpcFiment will be performed in a fufficiently 
cheap way to admit of its being applied to the ordi- 
naiy purpofes of travellers. Its ufe on extraordi- 
nary occafions, for the conveyance of intelligence 
in military operations i for penetrating into places 
inacceflible by other means ; or, for making philo- 
ibpbical obfervations on the fuperior regions of the 
atmofphere^ are fufficiently obvious. We cannot, 
however^ boaft of any addition having been made 
to the ftock of atmoipherical knowledge, though 
very many aerial voyages have been performed. 
The probable caufes of this are, that the balloons 
have fddom afcended above two miles high; that 
the novelty and grandeur of the fcene beheld from 
a balloon has prevented a ftri£t attention to thq 
phenomena that may have prefented themfelves ; 
and more efpecially, that moft of the experiments 
were performed by ignorant and mercenary ijiiita- 
tors, who have been much more defirous of taking 
the advantage of the furprize and credulity of the 
irulgafj than of making valuable obfervations, or 
relating them with fidelity. 

The invention* of the. heated air-balloon, is the 

undoubted right of the brothers,. Me0(sl'« Stephen 
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and John Mongolfier^ who made the firft experi* 
ment at Avignon in November, 1782. The firft 
balloon raifed in the atmofphere by means of in* 
flammable air> was con(tru£bed by public fub* 
fcription^ opened by M. Faujas St. Fond at 
Paris. Meflrs. Roberts were appointed to conftruft 
the machine^ and M. Charles to fuperintend the 
work. It was launched from the Champ de Mars 
Auguft 27, 1783. The firft human being that 
afcendeid into the air by means of an air-balloon was 
M. Pilatre de Rozier. He was afterwards accom- 
panied by M. Girond de Vilette, and afterwards by 
the Marquis d'Arlandes. The balloon ufed in 
thefe experiments rofe by heated air, and was con- 
ftrufted by John Mongolfier at Paris. It was pre*- 
vented from cfcaping by ropes. The firft .aerial 
voyage was performed with the fame balloon by 
M. Pilatre de Rozier and the Marquis d'ArkAdes, 
who paflTed over the city of Paris November 21, 
1783. The firft aerial voyage with a balloon filled 
with inflammable air was made by Meflfrs. Charles 
and Robert from Paris December i, 1783. They 
were carried about twenty-feven miles in ooe hour 
and three quarters. The great rarity of inflam* 
mable air was firft afcertained (in 1766) by Mr. 
Cavendifh^ and the idea of its application to die 
purpofe of floating a bag in the atniofphere was 
explained by Dr. Black in his leftures next follow^- 
ing that period. Several philofophers made attempts 
tq carry this into efFefb previous to June 1782, and 
fucceedcd ib fiu- as to inflate foap-bubbles with 

inflam- 
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mflammable air, which rapidly afcended to the ceil- 
ing of the room. But it is to the philofophic fpirit 
and liberality of our neighbours the French that we 
are indebted for this experiment being completely 
performed in the large way, without whofe encou- 
ragement it might probably have long remained 
nothing more than a happy thought*. 

On the 14th of June, 1785, the intrepid and in- 
genious Pilatre de Rozier fell a vidim to the new 
art in which he was the firfl: adventurer. He at- 
tempted to crofs the Britifh channel in company 
with a gentleman, whofe name was Romain. His 
balloon confided of two parts -, the upper contained 
inflammable air^ and the lower part was a balloon 
for heated air. By this ingenious addition it was 
cxpedted, that a power of afcending or defcending 
at pleafure^ without lofs either of ballaft or of in- 
flammable air, would have been obtained. When 
the unfortunate travellers were at the eflimate height 
of about fix thoufand toifes, the upper balloon took 
fire near the top, and burft. The apparatus imme- 
diately fell to the ground. Pilatre de Rozier firft 
came to the earth : no figns of life were perceived 
in hini, but his companion is faid to have uttered 
an exclamation before he expired. 
~ This much lamented event is fuppofed to have 
arifen either from the eledricity of the clouds 
ietting fire to the fiream of inflammable air that 

■ 

* For a further account of this fubje^^ the Englifh reader 
may have recourfe to Cavallo's Hiftory and Practice of Aero- 
flation. 
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iflfued from the upper valve^ or from the inflanfi«« 
mable air chat efcaped, forming a train of conrmm- 
nication between the upper balloon and tne fire be- 
neath, which in its afcent was continually brought 
into the place before occupied by the balloon. 
This lad opinion is rendered molt probable^ from 
the agitation and apparent diftrefs obferved in the 
travellers a fhort time before the cataftrophe. They 
had prudently lowered the flove before Pilatre dc 
Rozier opened the upper valve. The efflux of in- 
flammable air occafioned by this laft: manceuvre 
was probably the imn^ediate caufe of their deftruc^i' 
tion *. 



CHAP. VI. 

OF THE AIR-PUMP, AND ITS USES. 

B npHE air-pump is one of the moft ufeful of all 
•■- philofophical inftruments, whole a£tions de- 
pend on the properties of the air. By the help of 
this machine, all that, lias been ihewn concerning 
the weight and elafticity of the air, is demonitrated 
in the moft fimple and elegant manner. Its c#n- 
ftrudbion is as follows : e f o h (fig. 148.) is a fquare 
table of wood, a a are two ftrong barrels or tubes 
of brafs, firmly retained in their pofition by the 
piece TT, which is prefled on them by fcrews 00 
fi^ed on the togs of the brafs pillars n n. Thefe 
barrels communicate with a cavity in the lower part 

* See the Courier de TEurope for July i, 1785; 
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D. At the bottom within each barrel is fixed a 
v«lir^ opening upwards^ and in each apifton works^ 
hmng a valve Ukewife opening upwards. The pif* 
tons are moved by a cog-wheel in the piece t t^ turn- 
ed by the handle b^ and whofe teeth catch in the racks 
of the piftons cc* pqji is a circular brafs-plate^ 
baying near its center the orifice k of a concealed 
p^, that co(nmunicates with the cavity -, in the 
piece D at V is a fcrew that clofes the orifice of an- 
odier.pipe^ for the purpofe of admitting the exter- 
nal air when required, lm is a glafs-receiver^ 
out of which the air is to be exhaufted. It is placed 
joq the plate p q^r, firft covered with a wet fheep- 
fkin, or fmearcd with wax, to prevent the air 
from infinuating under the edge of the glafs. 

When the handle b is turned, one of the piftons c 
is raifed, and the other deprelTcd i a void fpace is 
confequently left between the raifed pifton and the 
lower valve in the correfpondent barrel : the air 
contained in the receiver l m, communicating with 
the barrel by the orifice k, immediately raifes the 
lower valve by its fpring, and expands into the 
void Ipace -, and thus a part of the air in the re- 
ceiver is extrafted. The handle then being turned 
the contrary way, raifes the other piflon, and per- 
forms the fame aft in its correfpondent barrel ^ 
while, in the mean time, the firfl mentioned pif- 
ton being deprefTed, the air, by ils IfJring,* clofes 
the lower valve, and, r^ifing the valve in the 
pifVon, makes its efcape, . The motion of the 
handle being again reverfed, the firft barrel again 

H 3 cxhaufts 
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cxhaufts while the fecond difcharges the $ir in* 
its turn: and thusj during the time the pump is 
worked^ one barrel exhaufts the air from the 
receiver^ while the other difcharges it through tho 
valve in its pifton. 

Hence it is evident, that the vacuuni in the 
receiver of the air-pump can never be perfeft i 
that is, the air can never be entirely exhaufted: 
for it is the fpring of the air in the receiver that 
raifes the valve, and forces air into thelbarrel, and 
the barrel at each exfudtion can only take away a 
certain part of the remaining air, which is in pro-* 
portion to the quantity before the ftroke, as the 
capacity of the barrel is to that of the barrel and 
receiver added into one fum. 

This, however, is an imperfedbion that is fel^ 
dom, if ever, of any confequence in praftice, be^ 
caufe all air-pumps, at a certain period of the 
exhauftion, ceafe to aft, o n account of their imper-* 
fcdt conftrudlion. For the valves ufually confift of 
aj^iece of oiled bladder tied over a hole, fb that 
the air is at liberty to pafs by lifting up the bladder, 
but cannot return again, and there will unavoidably 
be a fmall fpace left between the lower valve and the 
pifton when down. Now, it will happen, when the 
air in the receiver is very rare,- that its fpring will 
not be ftrong enough to overcome the adhefion of 
the bladder forming the lower valve, which, con» 

fequently, will remain ihut, and the exhauftion 

• 

cannot proceed. Or, before this period, it may 

happen, that the air between the valves when the 

2 piftoo 
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pifion is up m^y be fb fmall as to lie in the fpaqe 
between the two valves when the pifton is down^ 
without being fufficiently condenfed for its fpring to 
overcome the adhefion of the bladder forming the 
upper valve^ and the weight of the atmofphere that 
jxefles it : in this cafe the upper valve will remain 
ihutj and the exhauftion cannot proceed* In the 
bcft air-pumps thefe imperfections are in a great 
degree removed. For i£e adhefion of the ^bladders 
is much diminifhed^ and the adtion of the air upon 
them increafed^ by fubltituting a number of large 
holes of paflagCj inftead of one fmaller. By caus- 
ing the rod of the pifton to pafs through a collar 
of leathers^ fcrewed to the upper part of the barrel^ 
and placing another valve for the paflage of the 
extruded air^ the preiTure of the atmolphere is pre« 
vented from ading on the pifton^ fo that the whole 
fpring of the air between the piflx}n and lower valve 
is exerted in overcoming the refiftance afforded by 
the valve of the pifton. There are alio contrivances 
for opening a communication between the receiver 
and the barrel^ without depending on the fpring 
of the air. One of the beft of thefe confifts in an 
additional piece that lifts the lower valve when a 
lever is preffed with the foot: the lever com- 
municates with the interior piece by means of a 
rod that paffes through a collar of leathers at the 
lower end of the barrel*. The beft fort of air- 
pumps are ufually made with a fingle barrel. 

* Tiiis is the invention of one Haas^ a workman in 

London^ who has taken out a patent for it. 
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F In meafuring the exhauftion there are twa me^ 
thods of proceeding. The one fhews the denfity of 
the aici left in the receiver^ without regarding 
fuch vapours as may aifume an elailic form ia 
the vacuum : the other exhibits the ipring of the . 
elaftic fluid in the' receiver, without (hewing whe» 
ther it be permanently elaftic air. The quantity 
of air is ihewn by an inftrument called the pear- 
gage. It confifts of a glais-vefTel in the form of a 
pear, with graduations near its upper end,, that 
denote certain known parts of its bulk. This is 
included in the receiver, together with a veflfel of 
mercury, into which its mouth may be occafionally 
plunged. When the exhauftion is made, the.pear- 
gage is plunged into the mercury, and the external 

, air admitted into the receiver. The mercury rifes 
in the gage, and occupies the. whole of its cavity* 
except a Ipace at top, pofTcfTed by a bubble of air, 
whofe magnitude is known from the graduations^ 
and is in proportion to the whole contents of the 
gage, as the quantity of air in the exhaufted re- 
ceiver is to an equal volume of the common at- 
mofpherical air. 

o This gage would be accurate for all purpofes, if it 
were not that moft fluid or moift fubftances aflume 
an elaftic* form when the preflfure of the atmofphere 
is removed. For this reafon it feldom indicates the 
elafticity or aftual preflure of the fluid remaining in 
the receiver. The barometer gage is ufed for this 
purpofe. If a barometer be included beneath . a 
receiver, the mercury will ftand at the f^e height, 

as 
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28 in the open air ; but when the receiver begins to 
be czhaufted^c mercury will defcend^ aiid reft at a 
height which is in proportion to its former height 
as the fpHng of the remaining air is to its origi<» 
nal Ipring before the exhauftion. It is ufual to fay^ 
the air is as many times rarer than the atmofphere^ 
as the column it fuftains is lefs than the height the 
mercury ftands at in a detached barometer. On 
account of the inconvenience of including a barome*- 
ter in a receiver, a tube of fix or eight inches length 
is filled with mercury, and inverted in the fame man- 
ner as the barometer. This being included, anfwers 
die fame purpofe, with no other difference than that 
the mercury does not begin to defcend till about 
three-fourths of the air is exhaufted. It is called 
the fliort barometer gage. Others place a tube, of a 
greater length than the barometer, with its lower 
end in a veffcl of mercury, while ita upper end com- 
municates with the receiver. Here the mercury 
rifes as the exhauftion proceeds, and the preffure of 
the remaining air is ftiewn by the difference be- 
tween its height and that of the barometer. Thi$ 
is called the long barometer gage. 

T!^hefe gages are not often conftrufted fo as to k 
anfwer the purpofe of fhewing the degree of ex- 
hauftion to a great degree. For the mercury, 
though at firft boiled, to clear it of the air and 
moiftiire that adhere to it, and render it lenfibly 
lighter, gradually becomes again contaminated by 
expofure to the air in the bafon of either gage. 
They cannot therefore with firiftneis be compared 
3 ^ith 
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with ii good barometer in which this dod 
happen. If the tubes of the gages be lelk 
half an inch in diameter, die mercury wi 
lenfibly repelled downwards, fo as to requ 
correfldon for the long gage when ccmpared 
a barometer, whofe tube is of a different beat 
to render the fliort gage ufelefs in great ex 
tions. Thus, for example, if the fhort gage 
a tube of one-tenth of an inch in diameta 
mercury will fall to the level of the bafbn 
the exhauftion is 150 times, and will ftand I 
the level for all greater degrees of rarefa 
Thefe difficulties may all be removed, by m 
the fhort gage in the form of an inverted fy 
With one leg open*, and the other hermet 
fealed. It muft be confefled, however, tha 
not eafy to boil the mercury in thefe 5 and th< 
thod of doing it with fuccefs cannot, with full 
concifenefs, be dcfcribed here. 

Few air-pumps exhauft to fo great a deg 
one thoufand times by the barometer gage; b 
pear-gage in fbme circumftances will indica 
exhauftion of many thoufand dmes. 

Several of the ufcs of the air-pump have a] 
been mentioned. The weight of the air is : 
by exhaufting it out of a bottle (30, x) a 
preflure is proved to be the caufe of the afc 
the mercury in the barometer, becaufe in th 
rtium it is no longer fuftained. It will be i 
to fubjoin a few more inftances. 
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It a fquare bottle^ in whoreneckis fixed aValvc, l 
opbqDg ouD^ards^ be placed under the rccSiVeri 
atfd the air exhaufted, the bottle will be crufhed 
to pieces by the weight of- the atmofphere when the 
^ir is permitted to riturrt into the receiver. For 
tht air is prevented from entering the bottle by the 
valve, which, before the exhauftion, fuftained the 
prcflure of the atmofphere oh 'M external ftirface, 
bjr means" of the fpring of the included air afting 
equally on the -internal flirface ; ' but in this experi- 
ment, being deprived of Its internal air, it is in- 
capable of bearing the weight of the atmofphere 
which preffes it on all fides. If the bottle were 
round infl:ead of fquare it would fuft:ain the preflTure, 
notwithftanding the exhauftion, by reafon of its 
arched figure, that would prevent its giving way 
inwards. 

The quantity of this preffure on a given furface M 
is equal to the weight of a column of mercury, 
whofe bafe is the given furface, and whofe height 
is the height of the mercury in the barometer. 
(32, b) To exemplify and prove this by the air- 
pump, it is ufual to'inclofe in the receiver two 
brafs hemifpheres, as a and b, (fig. 149.) that fhut 
together like a box, and at the place, of fhutting 
are lined with wetted leather. The air being 
cxhaufted fi"om the receiver, efcapes likewife from 
the cavity of the hemifpheres, and when it is per- 
mitted again to enter the receiver, the hemifpheres 
are fo clofcly preffed together, . that the air cannot 
enter at the place of jundlion : they adhere toge- 
ther 
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ther therefore^ with a force equal to che 
of the atmofphere, which is greater or lefi ii 
portion to the area of the circle at the 
jundlion. Thus, if the diameter of the drdetAMft 
the hcmifphcres are joined be four incheSj tfaelonei 
required to feparate them muft exceed Ijojhif 
troy. 

N Since bodies immerfed in fluids lofe pull of 
their weights, which are equal to the wei^ if 
mafles of the fluids refpe£lively equal in bulk ta^ 
the bodies themfclves (8> z, a) it follows Alt 
bodies of different fpecific gravities, which aitb. 
equilibrio in the air, will not remain fo in vactti'. 
For in vacuo each body will re-acquire the weig|t 
they lofe while in the air, and the body, whole bulk 
is greatefl, will acquire the greateft weight/ ThuSf 
if a piece of cork be in equilibrio with a piece of 
lead, when weighed by fine fcales in the air, the 
cork will preponderate in vacuo s the rennoval of 
the air adding proportionally more to its weight, a& 
its bulk exceeds that of the lead. 

o The fpring of the air may likewife be fhewn in a 
variety of manners by the affiftance of the air- 
pump. Suppofe a fmall tube to be inferted through 
the cork of a bottle, half full of mercury, fo that 
the communication between the air included in the 
upper part of the bottle and the external air Ihall 
be entirely cut off, the end of the tube being imi . 
merfed in the mercury. Let this apparatus be 
placed under the receiver, and the air exhauftedit 
Th,: fpring of the includecj air then prefling on th^ 

furface 
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^^ir&ce of the. mercury, will force it into the tube^ 
j4Md iuftain it at the fame height nearly as it (lands 
. ^ die barometer ; for the fpring of the air is equal 
CO its weight, (i.a2,R) and confequently produces 
f^Uk c^ual effeffc : but on account of the imperfedion 
C3fdie vacuum, and the expanfion of the air injhe 
. fcocde, by which its fpring is weakened, the mer- 
cuiy does not rife exadly as high as it does in the 
barometer. 
If a half blown bladder be placed in the receiver, p 
« the included air will expand as the exhauRion 
pioceeds', and will blow it up even to burfting. 
And if this bladder be inclofed in a box, whofe cover 
. is loaded with weights fomewhat lefs than equal to 
. that of the atmofphere, the expanfion will raife the 
cover and fuftain the weights. Thus, if the blad- 
der be inclofed in a box of 6 inches diameter, it 
will raife the cover, though loaded with upwards 
of 500 lb. troy (32, b.) 

The fpring of the air included in the larger pores ^ 
or vefTels of bodies, is the foundation of a num- 
' ber of plcafing and inftruftive experiments. Thus 
it is found, that wood is fjpecifically lighter than 
water, only. by reafon of the fpring of the air in- 
cluded in its veffcls, that prevents the water from 
entering : for when this air is extradled, and the 
water, by the admiflion of the external air into the 
recdvtr, is impelled into the vefTels of the wood, 
it is always found to fink to the bottom. 

The refra6bive power of the air is alfo faewn by r 
the air-pump. For if the a|r be exhaufted out of 

a prifmatic 
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a prifmatic glafs^vefle}^ the rays of light will xibt |^ 
pais ftrait through it$ fidcs^ fanut, inpaffingthMagh f 
the vacuum^ wil^, be idefiefted according to the j^ 
eftahlilhed laws o£ optics; The proportions of the 
fines of the angles of incidence and'refraftion^ -out 
of the vacuum into the air^ are by this means 
found to be as 100036 to looooo, whicK is neariy 
the fame ratio as is deduced from the refrafUons 
of the heavenly bodies. 

s It is likewife proved by the air-pump, that the 
air is the medium of found. A bell or fmall 
alarm clock, being rung in the exhaufted receiver, 
gives no found, but if the air be admitted, the 
found gradually becomes louder and louder, till the 
air in the receiver be of the fame denfity with that 
of the atmofphere, at which time the found is no 
otherwife weakened than on account of the receiver 
that covers the bell. 

T The refiftance of the air is exhibited in a ftrik- 
ing manner by the help of the air-pump ; for, if a 
guinea and a feather be let fall together from the 
top of a tall exhaufted receiver, they both arrive at 
the bottom at the fame inftant. 

u Among the very numerous inftances of the ufe- 
fulnefs of this inftrument, we fhall mention but two 
more ; namely, the difcovery of the abfolute neccf- 
fity of air for the prefervation of life in moft ani- 
mals, and for the produftion and continuance of 
flame. Moft animals, when included in the ex- 
haufted receiver, are obferved to die in about 
five minutes, though the time is various in different 
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fpecies} and they moftly recover again, if the air be 
agsun admitted without being withheld too long. 
A lighted candle placed under the receiver, is ex- 
dnguifhed at the beginning of the rarefaction, and 
the fmoke hovers about the top of the receiver ; 
but when the air is ftill more rarefied, it becomes 
fpecifically heavier, and fubfides to the bottom. 
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CONCERNING HEAT. 



V T? VERY change that can take place in bodies 
, •*-' is efiScfted by means of motion. The bufi* 
nefs of natural philofbphy is to inveftigate the caufes 
of the feveral motions, and the laws they follow. 
In many inftances thefe motions come under the 
infpeftion of our fenfes, but for the moft jpUtt they 
are performed among the minute parts of bodies^ 
and *are only known by the effedts they produce. 
The foregoing part of this work has been chiefly 
confined to t!ie explanation of the former kind of 
motions, which may be denoted by the general 
term mechanics. The latter, namely, the efiefts 
produced by motions among bodies too minute to 
affeft the fenfes individually, are die objeft of a 
fcience called chemiftry. 
u Heat is one of the moft important and general 
caul'es of change in bodies. This term is com- 

moxily 
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tnonly uied to denote as well the fenfation caufed 
by an increafe of temperature in the human body- 
as the ftate in which inanimate bodies are when 
their temperature is increafed. In the following 
pages, however, it will not be neceffary to attend ta 
the fenfation. The word temperature will be ufed 
to denote the ftate of a given folid, fluid, or vapd- 
rous body, with refpeft to heat ; and the word heat 
will be ufed to denote the caufc of that ftate. 

A .body is faid to be hot or cold accordingly as w 
its temperature is above or below a given ftandard. 
The vulgar make ufe of the temperature of the 
liiunan body as a ftandard for this purpofe. But 
this is by no means accurate enough for philofophi- 
cal purpofes, becaufe the fenfations of no two per- 
ibns agree, nor even thofc of the fame perfon at 
^iffcricnt times. 

The dimenlions of a body are always increafed x 
with the temperature, fo long as the body retains 
the ftate of folidity, fluidity, or vapour, it happens 
to poflefs, and has fuffered no change either in the 
combination or quantity of its chemical principles. 
This is the chief, and, perhaps, the only general 
criterion by which the changes of temperature can 
be appreciated. 

Bodies in contaft, or that communicate with each v 
other, will all acquire one and the fame temperature, 
after a certain length of time, however different their 
rclpeftive original temperatures may have been. 

There are two opinions concerning heat. Accord- z 
ing to one opinion, heat confifts in a vibratory mo- 
VoL. II. I tion 
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tion of the parts of bodies among each other^ wfaofe 
greater or lefs intenfity occafions the increafeor 
diminution of temperature : according to.the other ] 
opinion, heat is a fubtile fluid that eafily pervades J 
the pores of all bodies, caufing them to expand b)r ! 
means of its elafticity, or otherwife. Each of tide I 
Opinions is attended with its peculiar difficulties. The i 
phenomena of heat may be accounted for by cither j 
of them, provided certain fuppofitions be allowed 
to each refpeftively j but the want of proof of the ; 
truth of fuch fuppofitions renders it very difficol^ : 
if not impoflible, to decide, as yet, whether heat \ 
confifts merely in motion or in fome peculiar matter. ' 

A The word quantity applied to heat will tkerefot 
denote either motion or matter, accordinjg to Ac 
opinion made ufe of, and may be ufed indefioitdy 
without determining which. 

B Whatsever htat may be, it is certainly lawfal to \ 
affirm, that when the temperatures are the fame, i 
the quantities of heat are equal in equal bodies rf 
the fame kind ; thus, a pound of gold contains an 1 
equal quantity of heat with another pound of gcrfd j 
at the fame temperature; a pound of water contains.] 
an equal quantity of heat with another pound of < 
water at the fame temperature, &c. Hence it j 
follows, that the quantity of heat in two poundl 
of a given fubftance is twice as much as is contained 

c in one pound at the fame temperature ; and uni- 
verfally in homogeneous bodies of the fame kini 
the quantities of heat will be as the mafles> provided 
the temperatures be the fame. 

■ K 
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If tifo bodies tt^t diffeir dnly in temperature be o 
brought into contaft, they will (113, y) acquire a 
commoa temperature^ and the quantity of heat in 
each will be equal (114, B.) It is therefore feen, e 
that the hotter body has imparted half its furplus 
of heat tx) the other j and confequently the quan- 
tity of heat in one of the two bodies will be an 
arithmetical mean between the quantities originally 
coataioe^ in them* < 

If two bodies of the fame kind thdt differ in T 
magnitude and temperature be brought into conta£t> 
they will (113, y) acquire a common temperature, 
and the quantity of heat in each will be (i 14^ c) 
in proportion to the maffes: that is to fay, the c 
quantity of heat which caufed one of the two bodies 
to be iiotter than the other will be divided between 
them in proportion to their maifes. 

The quantities of heat required to be imparted to, h 
or (ubdufted from, bodies of the fame kind, in or- 
der to bring their temperature to any given ftan- 
dardi will confequently be as their maffes* 

On thefe confiderations it is that the thcrmo- i 
meter is prefumed to acquire the fame temperature 
as the body it touches. For the mafs of the ther- 
moncieter ought to be very fmall in proportion to 
that of the body it is applied to 1 in which cafe the 
quantity of heat it gives out or receives in the 
acquifltion of the common temperature will be fo 
fmall -as tiot fenfibly to afFedt the body under con- 
fideration ; fo that the common temperature may 

I 2 b? 
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be taken inftead of the original temperature reqinred 
to be found. 

K The arithmetical mean temperature between two 
equal bodies of the fame kind, as determined by 
experiment (115, e) will caufe the mercmy.in a 
thermometer to ftand very nearly at an intermedi- 
ate equal diftance between the (lations i^ would 
have had at the original temperatures of the two 

h bodies. The increments of expanfion in mercury 
are therefore very nearly as the quantities of heat 

M that caufe them. And the quantities of heat added 
to, or fubdufted from, a given body in contaft 
with a mercurial thermometer, will be ezprefled 
by the number of degrees the thermometer rifes or 
falls. - 

N Thus far the temperature and heat of bodies of 
the. fame kind have been chiefly confidered; but if 
two equal bodies of different kinds and tempera* 
ture be brought into contaft, the common tcmpe* 
rature will feldom, if ever, be the mean between 

o the two original temperatures ; that is to fay, the 
furplus of heat in the hotter body will be unequally 
divided between them, and the proportions of this 
furplus retained by each body will exprefs their re- 
fpeftive difpofitions, affinities or capacities for heat. 

p 5 If therefore a given lubftance, as for example Aiid 
water, be taken as the ftandard of comparifon, and 
its capacity for heat be called one, or unity, the 
refpeftive capacities of other bodies may be deter- 
mined by experiment, and expreffed in numbers in 
the fame manner as fpecific gravities ufually are. 
^ And 
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And becaufe it is eftablilhed as well from reafon q^ 
as experiment^ that the fame capacity for heat ob-> 
tains in all temperatures of a given body^ fo long 
as its ftate of folidity, fluidity, or vapour, is not 
changed, it will follow, that the whole quantities 
of heat in equal bodies of a given temperature will 
be as thofe capacities. And as the refpeAive quan- r 
titles of matter in bodies oT equal volume give the 
proportions of their fpecific gravities, fo the refpec- 
tivc quantities of heat in bodies of equal weight and 
temperature give the proportions of their ipecific 
heats. 

A greater capacity for heat, or greater ipecific s 
heat in a given body, anfwers the fame purpofe 
with refpeftjto temperature as an increafe of the 
mals; or (ii5> h) the quantity of heat required 
to be added or fubdufted, in order to bring a body 
tt) a given temperature, will be as its capacity or 
Ipecific heat (117, R.) 

The capacities not only differ in various bodies, t 
but alfo in the fame body, accordingly as it is either 
in a Iblid, fluid, or vaporous fl:ate. All the experi- 
ments hitherto made confpire to fliew, that the capa- 
city, and confcquently the fpecific heat, is greateft 
in the vaporous, lefs in the fluid, and lealt in the 
folid fl:ate. 

The quantity of heat that confl:itutes the difie- u 
rence between the feveral ftates may be found in 
degrees of the thermometer. Thus, if equal quan- 
tities of water at 162^, and ice at 32*^ of tempera- 
ture, be mixed, the ice melts, and the common 

I 3 tempc- 
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temperature becomes 32® ; or otherwifc, if equal 
quantises of frozen and of fluid water, both at the 
terhperature of 32^, be placed in a like fitUalion 
to acauire heat from a fire, the water will become 
heated to 162^, while the ice melts, without acquif. 
ing any increafe of temperature. In either cafe the 
Ice acquires 130^ of he^t, which produces no Other 
efftft than rendering it fluid. Fluid water there-^ 
fore contains not only as much more heat than ice, 
as is indicated by the- thermometer, but alfo 130^, 
that is in fome manner or other employed in giving 
jt fluidity. And as fluid water cannot become ice 
without parting with 1 30^ of heat, befides what it 
had above 32^^ in its temperature j fo alfo fleam 
cafinot becomp condenfed into water without im-^^ 
parting much more heat to the mattery it is cooled 
by than water at the fame temperature would have 
done. 

y The heat employed in maintaining the fluid 
or vaporous form of a body, has been called 
latent heat, becaufe it does not aflfeft the thermo- 
meter. 

W From the confideration of the fpecific heats of 
the fame body in the two ftates of folidity and flui- 
dity, and the difRicnce between thofe fpecific heats 
is deduced a method of finding the number of 
degrees which denote the temperature of any body 
jmmediatcrly after congelation, reckoned from the 
paiural zero, or abfolute privation of heat. The rule 
^s i multiply the degrees of heat required to reduce 
ftny folid to a fluid fl:ate by the number exprcfllng 

the 
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the fpecific heat of the fluid : divide this produft 
by the difierencc between the numbers exprefling 
the ipecific heat of the body in each date 3 the quo* 
dent will be the number of degrees of temperative^ 
reckoned from abfolute privation of heat*. 

To give an example of this 'curious rule, let it be y 
required to determine how many degrees of refrige- 
ration would abfblutely deprive ice of all its heat ? 
The degrees of heat neceflary to melt ice are 130, 



* This theorem is Dr. Irvine's, and may be proved thus; 
let s reprefeot the required temperature of the body juft con- 
gealed, 1 =: the number of degrees that exprefs the heat required 
to reduce it to fluidity, n =: the fpecific heat of the folid, and 
m=: the fpecific heat of the fluid. Then, s -(^ 1 : s : : m : n. 

Whence si= zz the temperature from the natural zero 

m— -n 

in thcrmometrical degrees of the fluid (i 17, u.) But becaufe 
the adtual fall of the thermometer is to be produced by cool- 
ing the folid,. we mud pay attention to its capacity (117* ••) 
The quantity of heat required to produce a given change of 
temperature in a body is as its capacity, and confequently the 
changes of temperature, when the quantity of heat is given, 

will be inverfely as the capacities : therefore n : m : : ■: 

ITS. Which is the rule given in the text. 



m — n 

If the data 1, m, and n, be accurately obtained by experiment 
in any one inftance, and the difference between the zero of 
Fahrenheit's fcale and the natural zero be thence found in de- 
grees of that fcale, this difference will {crve to reduce all tem- 
peratures to the numeration which commences at the natural 
o. So that s being known in all cafes, if any two of the quan- 
tities 1, m, or n, be given in any body, the other may be like- 

_,,-,, sm — sn . J sn , s m — Im 

wife had. Forlzi . Andm= — r, Andnz: ■ 

m s — I « 
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and the fpecific heats of ice and water are as 9 to 
10. The number 130, multiplied b7 10, pro- 
duces 1 300^ and divided by the difierence between 
'9 and 10 quotes 1300: therefore if ice were co(ded 
1300 degrees below 32^, or to— 1268 of Fahren- 
heit's fcale^ it would retain no more heat* 

z It is unneceflary to point out the many phyfital 
caufcs that prevent either the produftion or men* " 
furation of this ultimate degree of cold.' 

A Experiments on heat may be made by mixing 
fluid bodies, by placing them in a vafe, whofe 
temperature, volume, and fpecific heat or capacity 
arc known j or by placing them in contaft with ice 
at 32^ ; in which laft cafe, the quantity of ice mdted 
by a body hotter than 32** will be in proportion to 
the quantity of abfolute heat that caufes this diffe- 
rence of temperature, 

B Much care is required to prevent occafional cir- 
cumftances from influencing the refults of thefe^ 
experiments. The mafles, fpecific heats and tern* 
peratures of the veflcl and thermometer made ufe 
of, as well as the temperature of die furrounding 
atmofphere, muft be attended to. The thermo^ 
meters muft be very fcnfible, and give the tem- 
perature to tenths of degrees. The temperature of 
the mixture muft be taken in various parts of the 
veffel, and its rate of cooling afcertained at diflTe- 
rent periods, in order to infer the common tempe- 
rature that would have taken place if the furplus 
of heat could have been equally difFufed at the firft 
inftant of the mixture. When the melting of ice 

is 



PPIIflOIfS RESPECTING HEA,T. 121 

i$ made nfe of, it is neceffary that the ice expofed 
to cche contad ' of the heated body ihould b^ de- 
fended from the adion of the external air, by be-^ 
ing included in a vefiel fbrrounded on all fides with 
other ice at 32^, and the temperature of the room 
ought not to be much colder than 32^, left the 
melted ice fhould be again frozen, inftead of run- 
ning into the vejfTcl prepared to receive it. 

The chief advantage which the opinion that heat c 
is caufed by mere vibration poffeffes, is its great 
fimplicity. It is highly probable that all heated 
bodies have an inteftine motion or vibration of their 
parts ; and it is certain that percuflion, fridion, and 
other methods of agitating the minute parts of bo- 
dies will likewife increafe their temperature. Why, 
then, it^ is demanded, fhould we multiply caufes, by 
fuppofing the exiftence of an unknown fluid, when 
the mere vibration of parts, which is known to 
obtain, may be applied to explain the phenomena ? 
To this it is anfwered, that mere motion will not D 
apply to the phenomena : for, among other fafts, 
water at 32^ contains more heat than ice at 32^, 
and ought therefore to pofTefs more vibration, yet it 
docs not communicate more to the thermometer. A 
part of its motion muft confequently be latent or 
incommunicable, which is an abfurdity. 

A happy explanation of the manner in which die b 
temperature of a body is raifed by friftion or percuf- 
fion, has been given * on the fuppofition that heat 
is matter. If the parts of a body containing any 

* By Mr. Kirwan. 
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fluid be made to vibrate ftrongly and irregularly^ 
they will expel a part of the fluid out of the pojies^ 
provided the fluid be not fufficiently comprellcd to 
move in correfpondence with the vibrations. For 
in this cafe a vibrating particle may be confidered 
as if its dimcnfions were encreafed, which is in 
cfl^eft the fame thing as if the pores of the body 
were diminilhed. The capacity of the body will 
thus be diminiflied, and confequently its tempera- 
ture will be increafed (117, s.) 

F All the changes of temperature from the mofl 
intenfe cold to the utmofl: violence of ignition may 
be explained from the changes the capacities 
of bodies, and confequently their (pecific heats 

c undergo in the feveral chemical procefles. For 
univerfally, whenever the capacities of bodies arc 
diminifhed, either by freezing or condenfation, 
(117, t) by friftion or pcicuflion, (121, e) or by 
a change in the ciicm-cal combination, then the 
temperature is increafed (117, s.) And on the 
conirary, the temperature is diminifhed, or bodies 
become cold whenever their capacities for heat are 
increafed. 

H Thus, in the fplution of various faline bodies in 
water, cold is produced ; becaufe the capacity of 
the fah beipg increafed (117, t) by its becoming 
fluid, while the abfolute quantity of heat remains 
the fame, its temperature muft be diminifliied, 
(117, s.) Confequently, the common tempera- 
ture of the necked fjlt and water muft be lower 
than ic \vould have been if the fait had not been 
diflblved (113, y.) 

For 
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Tor the fame reafon a mixmre of fnow and fait, i 
applied ^t the outfide of a veffel containing water, 
produces a degree of cold that congeals the water, 
x>r would caufe a thermometer to fell far beyond 
the frceting point. The fnow and fait are ren- 
dered fluid by their mutual aftion on each other i 
their capacities for heat are increafed, their tempe« 
ratures confequently diminifhed, and the water 
frozen by the lofs of the heat it imparts to pro- 
<iuce a common temperature* 

So likewife, if a fmall glafs veflel, containing k 
water, be conftantly wetted on the outfide with 
ether, the quick evaporation of this laft fluid wiB 
produce a degree of cold that will in a very fliort 
time freeze the included water. For the fpecific 
heat of the ether, when converted into vapor, is 
{6 gi^at, that its temperature becomes very low, 
and cools the water even below freezing. 

The infl:ances of cold produced by evaporation l 
are exceedingly numerpus. From this caufe it is 
that water is commonly about two degrees colder 
than the furrounding air j that damp clothes pro- 
duce fuch chilling efFefts ; that a wet hand, even 
though wetted with warm water, foon becomes 
colder than the other that remains dry, &c. &c. 

The fpecific heat of atmofpherical air is found m 
by experiment to be confiderably greater than that 
of air which is expired from the lungs of an animal. 
The air therefore undergoes a change in the lungs, 
which diminifties its capacity and muft confequent- 
ly ificreafe its temperature. It is found alfo, that 

the 
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the capacity of blood for heat is diminilhed in' its 
courfe from the arteries to the veins. From diefe 
caufes the temperature of the animal is continually 
increafed. But the evaporation of perlpirable mat- 
ter increafes with the temperature^ and produces 
cold. The equilibrium of thele aftions appears to 
be the reafon why the temperature of any one Ipc- 
cies of animal is nearly the fame in all climates* 
Animals that have no lungs are of the fame tem- 
perature as the furrounding medium. In cold 
countries the effeds of perfpiration^ and the contaft 
of the circumambient air are rendered lefs by the 
clothing, as thick fur, hair, &c. that envelope the 
native animals, and are from neceflity made ufe of 
by the human fpecies. 

■ 

The fpeciHc heat of combuflible matter is not 
confiderable $ the fpecific heat of atmofpheric air is 
much greater than that of air which has -ierved 
the purpofe of combuftion. Suppofe now that 
by any means the temperature of a combuftible 
fubflance be raifed to fuch a degree as that the 
chemical proccfs, which changes the capacity of the 
air, may go on, the temperature of the air will 
be raifed in proportion as its capacity is dimi- 
nifhed, its heat will be imparted to, and ftill more 
increafe the temperature of the combuftible body. 
A very high degree of temperature will be pro- 
duced, which will be greater in proportion to the 
fpecific heat of the air, the quantity decompofed 
in a given time, and l^fs in proportion to the fa- 
cility with which it is abforbed or conducted away 

by 
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by Other bodies. This procefs is called combuftion, 
when it is carried on with fuch rapidity as to caufc 
the body to emit light, at which time it is faid to 
be ignited ; and it will continue till the principles 
of the body are fo changed or diffipated as that it 
can jno longer make any' change in the capacity of 
the furrounding air. 

The fridUon of one piece of wood againft an- o; 
other, in a turner's lathe, produces heat and flame. 
A nail may be hammered till it becomes red 
hot. When flint and fteel are ftruck together, 
minute portions of the fteel are knocked o9^, in fo 
high a degree of heat, that they are a6tually burned, 
and upon extin&ion are feen, with the magnifier, 
to confift moftly of hollow balls of a black or greyifli 
metallic colour, and about the one hundredth of an 
inch in diameter. When the fun's rays are thrown, 
by a buming-glafs or mirror (i. 325, n), on any 
iubftance, they exceedingly increafc its tempera- 
ture, and produce the moft aftonifliing effeftsj 
In all thefe phenomena the temperature feems to 
be raifed, at leaft in the beginning, by the dimi- 
nution of capacity, which is a confequence of the 
agitation of the minute parts of bodies. 

When water, or any fluid, is heated, the quan- F 
tity evaporated in a given time becomes greater, 
becaufe the heat which the greater capacity of 
(team demands is more readily fupplied. The 
greater evaporation diminiflies the augmentation of 
temperature the fluid acquires, and at a certain pe- 
riod entirely d^oys it. This period or tempera- 
ture. 



ture^ called the boiling poiilt9 is lowery the aloM 
ealily evaporable the fluidj and will vary in the 
fame fluid, accordingly as the evaporation is more 
or lefs eafily performed. Thus ipirit of wine boils 
at 1 80^, water at 212^, mercury at 600, and 
other liquids at other points refpedtivcly, at which 
they acquire the greateft heat they are capable of 
fi^t:aii:\ing without being converted into vapor in 
the open air of a mean denfity. But jf the eva« 
poration be impeded, either by the fluid being in- 
cluded in a clofed veflel, or by the increased prcf- 
fure of a denfer atmofphere, the fluid will acquire 
a higher temperature; and, on the contrary, if the 
atmofphere be light, or the fluid heated in vacuo, 
the boiling temperature will be low/sr*. 

* The theory of heat, as here explained, it dw to the 
immortal Dr. Blacky and has been improved «i5i iUnftrated 
by Dr. A. Crawfprd, Dr. Irvine, Mr. Kirwan^ FxokSof 
Wilke, Mr. Watt, Mr. Magellan, &c. 
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•A DESCRIPTION OF THfi METHODS OF APPIYINC 

• - » 

; . HEAT TO CHEMIOAL PU&POSES. 

THERE arc few fubftances found in ana- q^ 
tural ftate whofe conftituent parts cannot 
%e feparatcid from each othir by the methods ufed 
ihchemiftry. One of the principal methods con- 
-fifts.in akering- the temperature of bodies. 

"A great number of bodies are found to be r. 
'capable of the folrd, the fluid, and' the vaporous 
Or' highly claftic form, accordingly as they con- 
taSh lefs or more heat. The ttmpcranirc at which 
Iblids become^ - fluid is exceedingly various in dif- 
ferent fubftances, 'as is likewile the temperature at 
which the internal parts of fluids begin to take 
a vaporous form, and cfcape with ebullition. 
The number of degrees of temperature compre- 
hended between thefe two points of freezing and 
boiling is not governed by any relation yet dif^ 
covered between thefe phenomena and the other 
properties of bodies. Thiis mercury freezes at 
49^ below o, and boils at 600^; the inter- 
val being 649^ ; water freezes at 32^, and boils 
at 212®, the interval being i8o*^j fpirit of wine 
freezes at 52^ below o, and boils at 180**, the in- 
terval being 232^. It is probable that all bodied s 
- wKatlbcver are capable of the three ftatcs of folidity, 
fluidity, and vapor; but that in many inil^ances 

3 the 
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the freezing or boiling points may lie at temper 
ratures not obtainable by any means in our power. 
T Bodies that alTume the vaporous date at a lower 
temperature are called volatile, when compared 
with fuch as require a greater degree of heat for 
the fame purpofe. Such bodies as either cannot 
be made to rife in vapor, or require anintenie 
heat to raife them, are called fixed. 

u It is eafy to conceive how the parts of bodies 
may be feparated from each other by change of 
temperature. Thus, if foap be difTolved in {pints 
of wine, and the temperature be rendered lower^ the 
foap will affume a concrete form, and be ieparattd 
long before the fluidity of the Ipirits can be afieft- 
ed. Water mixed with fpirits is, converted into 
ice by cold, and feparated for the . fame reafbn. 
Again, if a mixture of copper and lead be cx- 
pofed to a heat gradually increafed, the lead will 
be melted firft, and will run from the copper, 
leaving it in the form of a porous mafs: or if 
brafs, which is a mixture of copper and a volatile 
femi- metal called zink, be expofed to a confi- 
derable heat, the zink affumes the vaporous ftate, 
and leaves the copper alone. So likewife quick- 
filver is feparated from gold, water from clay, &c. 

/ The purpofes of chemiftry are in general much 
better anfwered by raifing than by lowering the 
temperature of bodies. The moft ufual method 
of heating bodies is, to place them in communica- 
tion with others in a ftate of combufl;ion j that is 
to fay, place them near a fire. The velTels and 

furnaces 
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futtiaces made ufe of are various^ according to their 

^ feveral applications. , 

When fubftances of cbnfiderable fixity are to be w 

expofed to heat, or when the volatile parts of bodies 

,are propofed to be diflipated into the air^ open 
vefiels are ufed* The common culinary utenfils 
of copper or iron lanfwer thefe intentions where the 
matter to be operated upon will not corrode them, 
and the heat is not required to be very great. Glafs 
vcffels are the moft cleanly, and may be ufed in a 
|;rcat variety of procefles. They have the advan- 

. tage of refilling the aftion of moft corroding mat- 
ters, are impermeable to air and vapor, and their 
traniparency afibrds the valuable convenience of 
beholding the changes that happen within them, 
in higher degrees of heat, fuch as would foften 
or melt glafs, it is neceflary to ufe veflels of 
earth, or other matter. 

A mattras, is a kind of bottle fliaped moft com- x 
monly like a Florence flaflc, though its figure is 
various, according to the ufes it is intended to be 
applied to, fig. 150, letter c. A cucurbit, is a vefTel 
nearly of the fame figure, but with a long neck, 
fig. 150, letter a. It is made either of metal^ glafs, or 
fcarthen-ware. A Crucible, is a pot made ufe of 
for melting metal and other fimilar purpofcs. It 
ismadp cither of platina*, forged iron, black lead,^ 

or 

• Mf. Achard's procefs for making c^ucibles of platina is 
as follows. Take equal quantities of platina, white arfenic. 
Vol. II. K and 
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or earth. A cupel, is a (hallow crucible, made of 
calcined bones, and ufed by affayers. The large 
crucibles of this kind, ufed by refiners, are called 
tefts. 

In moft operations where the volatile parts of 
bodies are propofed to be feparated and prcfcrvcdj 
it is neceflary to ufe clofcd vcffels. To the cucurbit 
A, fig. 1 50, is adapted the head b, denoted by the 
dottejd line: from the head proceeds a tube that 
comniunicates with the mattras c, which in this 
cafe is called the receiver. The head b is inclofed 
within a tub or veflel, called the refrigeratory^ 
The whole* apparatus thus difpofed is called an 
alembic or ftill. The matter to be operated on 
is put into the cucurbit a, and the head fitted on : 
told water is poured into the refrigerator ; and the < 
receiver adapted to the tube, by means of an 
Qarthy pafte, called lute. The fire being then 
lighted, forces the volatile fumes into the head B, 
where they become condenfed by the cold, and 
flow in a liquid form into the receiver c. This 
proc^efs is called diftillation. 

When diftillation is performed in the large way, 
a very large tub or vcflel is fubftituted inftead'of 

and fait of tartar, and expoie chem to a ftrong heat, till they 
xneltr This matter, when cooled » muR be reduced to powder, 
with which the mould of the vefTel intended to be formed 
mufl be filled. A llrong heat quickly raifed^ under a mufflje^ 
and continued for fome time, will again fufe the mafs : the 
arfenic and fait of tartar will be forced ofF* and the platiaa 
will be left alone in the form defired. 

the 
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die refrigerator, and the vapors pafi through a 
fpiral pipe Called the worm. Thus fig* 151, a is 
the body of the fl:ill> b the head, d the worm- 
tub containing cold water, and the dotted lines re- 
prefent the pipe called the worm, terminating at 
£, where the condenfed vapors run out in a liquid 
form. 

BuJ there are many matters required to be di- a 
ftilled that are not fufficiently volatile to pafs into 
the receiver by either of thefe methods. In fuch 
Oitfes the refrigerating part is omitted, and the 
cudlrbit is made with its neck on one fide, as 
in fig. 152. It is then called a retort, and the 
receiver is. ufually luted to the neck. Mod of 
the experiments made in the fmall way may be 
performed with retorts, if attention be paid to ap- 
ply more or lefs hear, according to the volatility 
of the produfts expefted to come over. 

When volatile fubftances are raifed hf heat in a b 
dry form, the procefs is called fublimation. If 
the fiiblimed mafs has a loofe powdery form, it is 
called flowers. Such are the flowers of brimftone, 
of benjamin, &c. An ordinary cucurbit, or mat- 
tras, will ferve for the fublimation of fuch bodies 
as are not very volatile. When they are more 
volatile, the head b of the alembic is a proper 
receptacle, fig. 150, efpecially if moid produfts 
arife and are required to pafs at the fame time into 
the receiver c. In other cafes the receiver is not 
anjiexed, and a number of heads are fixed one 
above the other communicating by necks, the 

K a uppermofl: 
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uppermoft one only being clofcd at top. Many 
fublimaces are attached to the chimnies of furnaces^ 
among which common foot is a familiar inftaoce. 

The conftrudlon of furnaces is as various as the 
purpofes they are defigned to ferve. A lamp, fup- j 
ported at different diftances below any chemical 
veffel, or burning with a variable number of wicks, 
is very ufcful where low degrees of heat arc in- 
tended to be applied. Chemical vefTels may be 
plunged to greater or lefs depths in a pot over the 
fire containing either water, mercury, ' a mixture 
of mercury and lead, fand, iron filings, or other 
matter capable of fuftaining heat, Thefe fub- 
ftances, interpofed between the veiSel and the fire, 
compofe what is called a bath, and are of excel- 
lent ufe for imparting an uniform heat, not fubjedi: 
to the fudden viciflitudes experienced by veffelg 
expofed to a naked fire. Without this contrivance 
glafs vefTds would often fly or crack. Glafs or 
earthen vefTels, intended to fuilain a greater heat 
than can be given by means of a bath, are ufually * 
coated with a mixture confiding chiefly of clay 
and fand. 

• The valuable method ufed by Mr. Willis, of Wapping, 
to fccure or repair his retorts ufcd in the diftillation of phof- 
phorus, deferves to be mentioned here. The retorts arc 
fmeared with a folution of borax, to which fomc (laked lioic 
has been added, and when dry, they are again fmeared with 
a thin pafte of flaked lime and linfeed oil. This pafte being 
made fomewhat thicker, is applied with fuccefs during the 
diHillationy to tuaud fuch rtto.ts as crack by the fire. 

Fig. 
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Fig. 153. reprefents the wind-furnace, oHairo 
melting furnace. In this feftion a denotes the afh- 
hole, B the grate, c a crucible placed on the grate, 
r a ftone covering the upper part of the fire-place, 
o the fide-communication between the fire and the 
chimney eh. d is a cupel occafionally placed in 
the current of flame that iffues from the fire. The 
fuel and pots are introduced at the hole f. The 
cffedfa of this furnace are eafily explained, Com- 
buftion (124, n) is more rapid and intenfe in 
proportion to the quantity of air fupplied and de- 
compofed. The prefTure of the atmofphere up- 
wards at B is greater than the prelTure of the co- 
lunrm that afts downwards, becaufe the lower part * 
of tWs lail mentioned column confifh of a rarefied 
portion of air included in the cavity d c g e h. The 
lighter column will therefore afcend with a velo- 
city fb much the greater as its rarefied part is 
longer and more rarefied. If therefore the fire be | 
large, and the chimney high and fuffieiently nar- 
row for the air to pafs through before it is much 
cooled, a very powerful degree of heat will be pro- 
duced. 

Fig. 154. reprefents the rcverberatory furnace, e 
By mean$ of the dome b the flames are driven 
back, and made to play round the retort e ; and oc- 
cafionally the fuel may be heaped round the re- 
torr^ fo as nearly to fill the dome. 

There are naany other furnaces^j for the making f 
of glafs, the roafting of ores, and extrafting their 
contents, the firing of pottery, and other nume- 

K ^ rpus 
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rous purpofes* For the defcription and ufe of thde, 
larger treatifes mull be recurred to. The philoio- 
phical cbemift may in general perform his opera- 
tions without being under the abfolutely neccflity of 
ufing furnaces conftruded on purpofe, or preparing 
any large apparatus of veflels. A tobacco-pipe 
15 a very yfeful kind of crucible, with which 
many experiments may be well made in a coounoo 
fire, efpecially with the affiftance of a pair of double 
bellows. Common chafing-difhes, fmall iron, 
ftoves, or the larger kind of ♦ black lead pots may 
be applied to purpofes of the moft extenfive utility 
by an ingenious operator. Bottles of various 
fliapes, and other veflels, may be found in com- 
mon ufe well fuited to the performance of chemical 
experiments: fuch are apothecaries phials, Florence 
flafks, earthen pans, &c. 

The blow-pipe is an inftrument of great ujfe in 
the chemical examination of mineral bodies. This 
may be procured in the fhops, and confitts of a 
tube of about ten inches long, formed as in the 
figure (figr 155.) The aperture a is about a 
quarter of an inch in diameter, and is intended to 
be applied to the mouth in blowing ; the other 
aperture b is very fmall, fo that the wind iflucs out; 
in a fine ftream. If now a candle be fnuffed, and 
the wick turned a little on one fide, the flame may, 
by this ftrcam of air, be direfted upon any fmall 

♦ The method of conftru^ing cheap and portable furoacee 
out of black lead pots, is defcribed at large in *' Lewis's 
•* PhiJofophical Commerce of Arts;" 

body. 
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body;^ and is fufficicritly aftive to produce ever/ 
change that the ftrongeft furnace can effcA on larger 
bodies. 

The common blow-pipe is fubjeft to two prin- ^ 
cipal inconveniences ; the firft is, that the moifturc 
rf the breath becomes condenfed in the tube, and 
I occafionally fpircing out of the aperture b, either 
checks the burning of the flame, or produces other 
difagreeable accidents -, the other is, that the aper* 
ture B being invariable, can only be adapted to a 
flame of one particular magnitude, whereas a larger 
flame requires a larger aperture. The blow-pipe 
beft furted to philofophical purpofes is provided with 
a ball c (fig. 1 56.) in which the vapors are detained, 
inftead of paffing through the aperture b : and the 
piece B may be unfcrewed, and changed for another, 
accordingly as the aperture is required to be varied. 
If the aperture be not round and fmooth, the flame 
will be ragged and irregular. 

The body to be urged by the flame, direfted i 
and excited by a blow-pipe, ought not to exceed 
the fize of a grain of pepper. The beft fupporter 
to place it on is a fmooth clofe piece of charcoal, 
which anfwers perfeftly well for all matters that 
do not fink into its pores, nor are changed by its 
inflammable principle. In fuch cafes as the char- 
coal cannot be ufed, it is necefTary to be provided 
with a fmall fpqon, either of pure gold or pure 
filver, there being no other metals that admit of 
being worked with facility, but are changeable by 
heat« 

K 4 The 
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K ' The advantages attending experiments made with 
the blow-pipe are many. They may be made in a 
very fhort time in any place, by an apparatus that 

..a4mit? of being carried in the pocket. The quan- 
tity required of any material is fo fmall, that they 
are performed at very little expence. And the 
whole procefs, inftead of being carried pn in an 
opake crucible;^ is vifible from beginning to end. 
They are therefore of great utility in examining 
bodies where experiments in the large . way cannot 
eaQly or conveniently be made^, and. where they can, 
tbefe fmall trials previoufly made are often of fervicc 
to indicate the beft way of conduftjng them*. 

J. If the blow-pipe be ufed y9ixh the pure air, cal- 
led dephlogiflicated. aijii obtained by diilillation 
from nitre, 01* other falts, it produces a greater 
degree of heat than can be obtained by any other 
method yet difcoyered, unlefs we may except the 
heat in the focus of a few of the mpft capital byrn- 
ing Icnfes^ 

M The burning glafs or mirror is feldom ufed in 
chemiftry, except on fuch occafions as do not admit 
of the other methods of heating bodies, 

• The ufe of the blow-pipe is explained by Uuftav von 
Engeitrom, in a treatife annexed to the Englifh edition of 
Cronfledt's Mineralogy, and alfo by Bergman, in his Treatife 
de tubo ferruminatorio, in which the habitudes of a great 
number of bodies in the fire, either with or without addition 
are given. The Englifh reader will find this excellent work 
^/^t the end of Cailen's TranQation of Bergman's Eflays. Lon- 
dont 1784. 
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CHAP. III. 

4N EXPLANATION OF THE NATURE AND ?FF«CTS 
OF THE ELECTIVB ATTRACTION, OR CHEMICAI, 
AFFINITY, 

[\TT has been fuifKciently fhewn in the former parts a 
•■* of this Treatife, that the parts of bodies have a 
tendency towards each other, which is generally de- 
oted by the word Attraftion. Were it not for the 
e<9:s of this power, the motions of all bodies 
would, be performed in right lines (i. ai, p\ 
and their parts would be feparated from each other 
by the fmalleft impulfe. It is, in faft, impoffible 

' to form a notion how the univerfe could fubfift in 
its prefent form without it. 

i The firft rule of philofophizing (i, 6.) leads us b 
: to enquire whether the various effe6b of attradtion 
that take plage in natural phenomena be confo- 
quences of one and the fame principle, or, if more 
caufes than one Ihould be concerned in producing 
them, how far the operation of each extends. If ' 
the attradtion of eohefion were the fame as gravita- 
tion, its power would follow the fame ratio of the 
diftances of bodies from each other ( i . 207 \ and 
would be fenfible at very confiderable intervals of 
fpaccj but as it is perceived only at extremely c 
fmall diftances, and even gives place to repulfion 
when the interval is increafed (1.47. z), it feepis 
necefary to confider it as a diftindt property of 

matter. 
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matter, or, at Icaft, as the effeft of fomc other 

caufe. 

D Whether the attraftion of cohefion, or the power 
that refifts the reparation, by mechanical means^ of 
the parts of folid bodies, be the fame ais. thofe 
attradtions which, on account of their being exerted 
more ftrongly between two given bodies, than 
between one of the two and a third of a difierenc 
kind, are called tleftive attraftions, or chemical 
affinities, has not been well decided. The cnu^ 
< meration of a few fimple propofitions refpe&ing 

attraftion, generally confidered, may tend much 
to elucidate this bufinefs. 

B As the attra6tion of gravitation is taken to be a 
general property of matter, afting according to the 
mairesofbodies(i.i8. i j 26, a), and we do not fup- 
pofe a variety of attraftions, but of denfities, in 
bodies that are varioufly heavy, fo may one general 
property caufe the particles of bodies to adhere toge- 
ther, though its ihtenfity, varying with the denlity 
of thofe particles, may produce various efFefts. 

F In all the phenomena of attraction, the force is 
greater when the diftance is lefs : and it is clear 
that particles of the fame mafs and denfity may have 
various figures, fome of which will admit of a 
nearer approach of their centers, when their furfaces 

G are in concaft, than others. Such particles as by their 
figure can admit of their centers coming nearer tOL 
gerher, will adhere rr.ore ftrongly on that account. 

H * Againft the truth of the pofirion, that the attrac- 
tions difplaycd in the cohtfion of bodies, and in 

3 chemical 



f chemical opcratioDS, follow the dcnfity of the par- 
ticles, it is no objeftion to fay, that the hardnefs 
ajid Ipecific gravity of bodies are governed by no 
confimon law : for the hardnefs, according to this i 
dodlrine, depends on the denfity, magnitude, and 
;ure . of the particles, and the Ipecific gravity on 
denfity of the particles, and the proportion be- 
^ccn their aggregate bulk and the bulk of the 
ice occupied by the pores of the bodies. And K 
thefe attributes do not depend on each other, but 
■"•may vary indefinitely, there is no necefl!aiy relation 
fcetween hardnefs and fpecific gravity. 

The adhefion of like parts, by which a body is u 
formed of the fame kind as the parts themfelves, is 
^called aggregation ; but the adhefion of parts, not 
•of the fame kind as each other, by which a body 
5s formed, having properties dijBTerent from thofe 
<«f the parts, is called combination. It does not M 
appear that combination is performed by any power 
different from the attraftion of cohefion, by which 
aggregation is allowed to be produced ; or, in other 
words, the attraction of cohefion, and of chemical 
affinity, appear to be the fame power exercifcd i» 
different circumftances. 

If a particle of matter be furrounded by others of m 
a certain kind in contadt with it, it may ftill 
attraft and retain others, forming a fecond envelop- 
ing ftratum, and fo on, according to the force of 
attraction it exerts on fuch particles. But at a cer- 
tain period the accumulation will ceafe, on account 
of the attraftion being inconfiderable beyond a 

limited 
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o limited diftance. At this period^ if particles of m 
third different kind be prefentedi they may be: 
attrafted and retained by the central particle not« 
withftandingv provided its attradion to thefe U&r 

p be ftronger than to the former : and accordingly^ 
as thefe laft are more weakly or ftrongly attrad:e^ 
they will either form an additional ftratum witb- 
out^ or will be urged inwards^ fo as to dilplacc 
the others by forcing them out of the fphere of 

0^ attradtion. The phenomena will likewife be diffe*- 

, rent in confcquence of the greater or lefs force of 
attradtion mutually exerted between the particles of 
different kinds applied to the central particle. 

ji A particle furrounded by as many of another 
kind as it can retain, may be confidered as a fimple 
particle with refpeft to fuch particles of a third kind, 
as it can attrad and retain without difplacing the 

. former. 

s Let a particle be fuppofed to be furrounded by 
as many of another kind as it can retain, and 
alfo by particles of a third kind, enveloping the 
former ;^ let the attradlion of the central particle 
be fuppofed greater in like circumftances with re-r 
fpeft to the external kind, than to the kind of par- 
ticles which are near^ to it, but ftronger on thefe 
laft, merely on account of their proximity -, then, 
if the whole be heated, the refpedifive diftances of 
all the particles will be increafed (113, x)s this 
increafe may augment the diftances of the nearer 
in a higher proportion than of the remote particles, 
and confequenlly caufe the attraftions x)f the central 

particle 
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particle on each to approach nearer to equality, or 
€vcn caufe attraftion on the external ftratum to 
l)ecome greatefl^ and again, the inner ilratum 
of particles having their interftices rendered larger, 
jnaay admit the outer to pafs through without impe- 
diment, and poflefs the nearer place : that is to fay, T 
heat may caufe changes of combination to take place 
that would not have obtained at a lower tempe- 
rature. 

The fimplefl: parts that enter into the compofi- u 
tion of bodies, namely, fuch parts as have not hither- 
to been decompofed by any method of analyfis, 
or obtained by the combination of other fimple 
bodies, are termed elements or firft principles. 

When a combination of two firft principles enters v 
into the compofition of a body, by uniting with 
fomc other principle or principles, this combination 
is termed a fecondary principle of the body it enters 
into (140, r). 

Thus, fulphur and fait of tartar, melted together, 
form a compound called liver of fulphur, into 
which fulphur, though not a fimple ftibftance, 
enters as a fecondary principle, and from which it 
may be again feparated, by proper methods, in its 
original form. 

When principles are combined in fuch propor- w 
dons as to form a compound that exhibits the leaft 
poflible any of the diftinguifliing properties of the 
principles, they are faid to be faturated with each 
other. If cither principle exceed this proportion^ 
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it is faid to be imperfedUy or partially faturated^ 
the other is faid to be fuperfaturated. 

For example, if fpirit of fait, of the marine acid, 
be added to fait of ibda, or the marine alkali ; 
compound will exhibit acid properties^ if . tbc= 
firft abound beyond a certain proportion; or if thc= 
latter predominate, the alkaline properties will pre- 
vail ; but if each be in due quantity, the compound 
will be common culinary fait, neither acid nor 
alkaline. 

Mixture is the union of principles, which remain 
neverthelefi in confideraWe mafles that adhere to 
each other refpeftively, either by reafbn of the 
fimilar principles having a greater attraftion to 
each other than to the principles of anodier kind* 
or becaufe the heat of the mais is not fuificiently 
great (141, t) to caufe that change which would 
produce an intimate combination of the whole. 

Oil and water, when fhaken together, do not 
combine, but only mix, becaufe the parts of each 
relpedtively attraft thofe of the fame kind more 
ftrongly than the other: fo likewife pot-afh and 
fand may be mixed without combining, but an 
increafe of temperature in the furnace of a glafs- 
houfe will caufe them to unite, and form the com* 
bination called glafs. 

To produce a changein the combination of the 
parts of bodies, it is in general required that 
the temperature of the whole ihould be fufficiently 
high to melt at leaft one of the principles. 

When 
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When a fluid combines with another body with- z 
out lofing its fluidity^ this laft is faid to be held 
in fblution^ or diffolved, and the fluid is called a 
lolvent or menftruum. 

A menftruum faturated with one principle may, a 
jnotwithftanding, take up another (139, n, o.) 

Thus fait may be diflblved in watei*, and when it 
is faturated, and will not aft on fait, it will diflTolvc 
iugar. 

When a fluid that holds one or more principles b 
in fblution lets one fall upon the addition of fome 
new principle to which the combination has a 
greater affinity, the principle let fall is faid to be 
precipitated by the newly ad^ed principle, which is 
^ called the precipitant. 

Epfom fait confifls of magnefia, combined ^th 
the marine acid. If this fait be diffolved in water," 
and fait of tartar be added, the magnefia will fall to 
the bottom in the forn^ of a white powder, and the 
felt of tartar will combine with the acidi 

When two pilnciples being united are fo lepa- c 
rated on the adcmion of a third, that one of the ori- 
ginal principles quits the other, and forms a new 
combination with the third, the decompofition and 
new combination are fai^ to be produced by fimplc 
affinity. 

Common fait, as has been already obferved, is 
a combination of the marine acid with the marine 
alkali. If oil of vitriol, or the vitriolic acid be 
added, the alkali will quit its acid to unite by 
ftronger affinity with the acid laft added, with 

which 
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which > it will form a new falt^ called GlaBber^J 
falt^ while the marine acid being difeogagedj flica 
oflf in an elaftic form^ 

When two compounds, conlifting each of two 
principles, are prcfentcd to each other, and the 
combinations change the order of their principleSj 
becaufe the actradions of one principle of the one 
to one principle of the other, and of the remaining 
principle of the one to the remaining principle of 
the, other, are, together, ftronger than the attrac-^ 
tions that tend to preferve the original form, the 
two decompofuions, and two new combinationsj 
are faid to be produced by double affinity. 

Sal-ammoniac is compofcd of the marine acid, 
combined with the volatile alkali, or fait com- 
monly ufed in fmelling bottles. If fal-ammoniac 
in powder be mixed with flaked lime, the marine 
acid unites with the lime, and the water of the 
lime joins with the volatile alkali, which riles imme* 
diately in penetrating fumes. This mixture being 
haftily put into a retort, the water and volatile 
alkali come over together, by tjie affiftance of a 
gentle heat, in the form of a pungent fluid, called 
the caufl:ic volatile alkali, or, by apothecaries, fpiric 
of fal-ammoniac with quicklime. In this proccft it 
is not Amply the attraftion of the marine acid to 
the quicklime, nor the attraction of the water to the 
alkali that occafions the double change of combi- 
. nation, but it is the united force of both attraftions : 
for if dry hot quicklime, that is to fay, quicklime 
containing no water, be made ufe of, the fal- 
ammoniac 
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taunoniae is hot decpmpofed^ the (knple attradion 
of the marine acid to the quicklime not being fufE- 
f dent to overcome the attradtion of its component 
principles. 

There are many more compounded effefts of the e 
mutual attraftions of the parts of bodies in various 
drcumftariccs. To interpret thefe is a noble taflc, 
but not eafy i for it requires an exfenfive acquaint- 
.ahcc with fa6ls, a lively imagination, quick and 
accurate habits of reafoning^ and, above all, a mind 
free froni prejudice. 

Fluids in general diflblve a greater quantity of p 
any fubftahce when the temperature is higher -, but 
thh is not univerfally true. The caufe of the general 
fad feems to be, that the fluidity of the matter in folu- 
don may be better maintained (128, u) at a higher 
temperature; that in partial folutions, wherd all the 
principles are not taken up, the heat, by volatiliz- 
ing fome principles, may render the Iblution of the 
fcfiduc more eafy : and the reafon why in fome 
cafes lefs is taken up by a fluid -at a higher than 
at a lower temperature is, probably, that the gene- 
ral eflfeft of heat being to oppofe (113, x) the 
attractions between bodies may operate more 
ftrongly than the other caufes here taken notice of. 

Thus, for example, if water be made to boil on 
feltpetre, it will diflblve a confiderable quantity; 
but if / the clear folution be poured into another 
veflel, and fufFered to cool, a great part of the 
fait will feparate in a folid form. ' On the con- 
trary, if the acid of nitre, commonly called fpirit 
Vol. II. L of 
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of nitrf 9 be taken of a given ftrengtfa and mode** 
race temperature^ and it be founds by preidous 
experiment with a like quantity of the fame acid^ 
how much quickfilver it will diflblve^ and dus 
quantity of quickfilver be added to the acid (b 
taken^ it will of courfe difappear by gradual 
fblution : if then the temperature of the whole 
be increafed^ a great proportion of the quickfilver 
will be aga^n let go*^ and that before the hot 
has rifen to the boiling water point. 

Chemical procefles^ in which water is ajirinci* 
pal agenr^ are faid to be performed in the moift 
way : thofe which are performed at high tempera* 
turesj and wherein water is little^ if at all^ con- 
cerned^ are faid to be performed in the dry way. 

• 

* In its metallic form. This cttriout h& was commwu* 
ctted by Mr. Babington. 
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dkP tHt FlAST COMPONENT PRINCIPLES OF feODlESj 
OR SUGH AS ARE THE MOST SIMPLE. 

ALL bodies ^re parts, either of animal, vege- H 
table> or mineral fubftances. During the 
life of animal and vegetable fubftances, various 
- proicefles, both mechanical and chemical, are car- 
ried on within them, by means hitherto very im* 
perfeAly explained* The principles that enter 
into the compolition of thefe are far from being 
fimple* As foon as their ftrufture is, by violence 
or o'therwife, fo impaired as to deftroy life, the 
arrangement of chemical principles begins to 
change*' Decompofitions and] new combinations 
take place among the folid as well as the fluid parts* 
The organization of the veflels is deftroyed, and 
after a certain time the whole, as far as obferva- 
tion can follow the procefles, returns to the ge- 
neral repofitory of minerals pr unorganized matter, 
from which it originated, and cannot again be 
diftinguifhed* 

The fimpleft bodies are air, water, falts, earths, t 
and inflammables. Many chemical philofojJhers 
of the firft eminence are now bufied in difcovering 
or afcertaining the component parts of thefe ^ but 
the limits of the prefent work, as well as its in- 
centioB> will not admit of entering) except occa« 

L 2 iionaliy. 
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fionally^ into the confideration either i>f the hSts 
or theories they have exhibited to the world. 

Many fubftances may aflume the aerial fomii 
either by their difengagement by ftrongcr affinity 
(143, c), or by increafing their temperature. Air 
is diftinguifticd from tranfparent vapor by its more 
permanent elafticity. It is probable that this dif- 
ference confifts in the greater aptitude of vapoT 
for imparting its heat to other bodies, or ctom- 
bining with them. There are fereral kinds of air 
that lofe their elafticity and combine with "WBXcr, 
if prefented to them ; and there arc others that 
cannot be kept in an elaftic form for any Icngtb 
of time, merely becaufe of their aptitude to com* 



bine with every fluid that has hitherto been. tiled 






to confine them. J 

L When air is clafled among fimple fubftances^ no* ■ i 
thing more is therefore to be underftood than that t j 
variety of principles are obtainable in this forn^ ; 
much iTK)re fimple than it is probable they will 
ever be met with in any other. 

M Water enters as a fimple fiibftance into the 
compofition of many bodies. There are no un-* 
equivocal proofs of its having ever been changed 

N or decompofed in any chemical procefs. Yet if 
infiammabk air and pure air be burned together, 
warer is produced which is faid to be equal m 
weight to the quantities of air made ufe of. 
Whence it is concluded, that water is compofed 

' • of thofe airs combined together in the heat of com- 
buftion (141, t), during which aft, the latent heat 

(118, 
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^ii8j v« 1^4, n) that maintained the aerial form 
is given out. 

The pureft natural water is rain, collefted at a o 
diftance from trees or buildings. For chemical 
purpofes, water fhould be diftilled in glafs veflels, 
with a heat not fufficient to make it boil, and no 
more than two-thirds of the whole quantity Ihould 
be drawn off. The lighted, cleareft, and moft 
tafteltls water, which lathers well with foap, is 
purer than fuch waters as are deficient in thefc 
qualities, 

. Salt$ are fuch bodies as are diflblvable for the p 
moft part in lefs than two hundred times their 
weight ef boiling water, and more or lefs affe<3; 
tte organ of tafte, They liquefy by heat, which 
cauies diem to evaporate, either in part or to- 
tally, according to the component parts of the 
iult, and the intenfity of temperature. 

Simple falts are either acids or alkalis. Com- q^ 
pound falts are either cor^binations of acids with 
alkalis, which are called neutral falts ; of acids 
with earth, called middle falts ; of acids with me- 
tals, called metallic falts ^ or combinations of thefc 
with each other. 

Earths are taftelefs brittle fubftances, differing r 
from falts by their lefs folubility in water, the 
diftinguiftiing limit being not founded in nature, 
but arbitrary. Water at a high temperature, as 
when confined in the ftrong metallic veffel called 
Papin's Digefter, will diffolve fome, and probably 
all earths. The fubftanees claffed under this 

L 3 title 
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title are not foluble in the open air in lefi iSm 
between fix and fevcn hundred times their we^ 
of boiling water. They are not fufceptible of the 
metallic luftre. In the fire they are fytd. A low 
heat does not alter their form or other propertfii 
and fimpie earths are not fufible alon^^ by tha 
moft violent heat that art can produce. 

Simple earths are five ; calcareous earth» ot pup 
quick-lime; ponderous earth 1 magnefia^ ^gilla* 
ceous earthy or pure clay ^ and filicepus earth, 
Thefe earths have never yet been decompoiei 
Like all other fimpie fubftances, they »rc never 
found pure, but the methods ufed in chemiftiy 
can eafily feparate them from i:he matfftrs they 
may happen to be either combined or ipixed 
with. 

Inflammables are fuch bodies as with accefs c^ 
pure air are capable of maintaining the adt of 
combuftion (i2i|., n). It is not cafy to explain 
this wonderful procefs. According to the great 
STAHL, all iriflammable bodies contain a prin- 
ciple called Phlogiftpn. This principle is fcarcer 
ly to be exhibited alone, becaufe its great ten- 
dency to combination caufes it to adhere fo forci- 
bly to the principles it may be united withj as not 
to quit them, but in its pa0age to fome other 
principles to which it may have a greater affinity. 
The afiinity of phlogifton to pure air is taken to 
be greater than its afiinity to mpft fubftances th^ 
contain it. Upon a proper increafe of tempera- 
ture (14I9 t) in th)e inSammable fubftance^ and the 

a pure 
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pure air c6ntiguous to it^ a rapid decompofidon 
takes place. The phlogifton quits the fubftance 
to unite with the air^ and the procefs goes on^ 
if a fufficient quantity of air be prefent, till the 
body is deprived of the whole or moft part of its 
phlogifton^ at which time it is faid to be calcined 
(0* burned. 

It is the difcovery of Dr. Adair Crawford, that u 
^e capacities of bodies for heat are lefs, the more 
phlogifton they contain. Whence the great increafe 
of temperature in combullion is ihewn to arife from 
the heat rendered fenlible in confequence of the ca- 
pacity of the air being diminifhed by phlogiftication *• 

The fimpleft inflammable fubftances are, in- v 
flamnuble air, diamond, plumbago, fulphurs, 
and n[ietals. More compounded inflammable mat« 

* A refpe^lable number of chemiils^ chiefly French^ do 
not admit the exigence of phlogiflon» but explain the pro- 
c^fles in which phlogiHon is faid to be concerned^ in another 
way. According to them, it is not the fabtra^on of phlo* 
ffStoskf but the * addition of air that converts metals into 
pices ; and in proceiTes for the redudion of calces the metal 
is iaid to be revived, not by the acceffion of phlogifton, 
but by the lofs of the air that had combined with it. This is 
the leading feature of the new theory mmtained by fa&s 
and dedudUons, which, if they fhould fail in oversowing 
pt dodrine of Stahl, will, however, be of great advantage 
to fdence, in many refpefls. This important fubjed cannot 
be here difcofied : the theory which admits the exigence of 
phlogifton is adhered to in this work, becaufe it is the moft 
geperally received. 

L 4 tcr 
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tcr are, hepatic air^ Ipirits, ether, oik, bitumenii 
co^l^ and generally all animal and vegetable fub* 
ftances in their natural ftate. 

w When a metal^ cither by combuftion or other- 
v^ife, is deprived of a part of its phlogifton, it 
Igfes its malleability, a0umes many of the proper-i 
ties of an earth, and no longer exhibits the luftre 
pecpliar to this clafs of bodies. In this ftate it 
is called a calx^ and forms combinations with &* 
line fubftances. When the metallic ftate is r^ 
ftored) by adding phlogifton to a metallic caIX| | 
the metal is faid to be revived. 

3^ Every fubftance, which paiTes from a fluid to 
a folid ftate, appears to have its parts arranged 
in a fymmetrical order, that extends to a greater 
or lefs number of particles, accordingly as the 
influence of external circumftanccs, or the rapi- 
dity with which the change of ftate is performed 
are concerned in the procefs. Thus we fee that 
moft minerals; faline combinatiooSi whether ob- 
tained by folution or fublimation; and metalsj 
if fuffered to cool flowly, have their peculiar 
forms^ though in fome more evident and diftin- 
guifhable than in others. This property, called 
cryft.allization, is by fome diftinguifhed into two 
kinds : the pne made ip a nienftruum, as fait cry- 
ftallizes in water, and the other by mere cooling» 
as when water freezes alone. Thofe who affirm 
that heat is matter, imagine it to be the medium 
ift which this laft c^ryftallization is performed. 

If 
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It.wouklbeof 0ngular advantage in mineralogy^ y 
and every odier fcience related to chemlftry, if the 
«ternal appearance and figure of bodies could 
be applied to the purpofe of knowing what clafs 
tbey belong to. This is indeed done with fome 
li^ccefs^ by fuch as have opportunities of examin- 
ing many fpecimens i but no general rules can be 
ei%abliflied> on account of the exceedingly great 
number of exceptions that arife from circum^ 
fiances, or differences in the compound, either too 
minute for the chemical analyfis to afcertaii\> or 
apparently too infignificant to excite the attention 
of the obierver* 



CHAP. V. 

THB METHOP OF MAKING EXPERIMENTS ON VA- 
RIOUS KINDS OF AIR* 

EXPERIMENTS to be made with the various 2 
kinds of air require an apparatus of veffels 
proper for confining it. The chief are thofe we 
are about to defcribe. 

Fig. 157. A, is a tub for containing water. In a 
this tub is fixed a Ihelf k, k, (b placed that it 
may be about an inch below the furface of the 
water, when the tub is nearly full, b and f are 
cylindrical glafs jars. ^ is a bottle, into the 
neck of which the bent tube d is fitted, by grind-* 
JPgf Suppofe now that the veflel b be plunged 

in 
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in the water, fo as to be filled, and afterwards raifed^ 
with its mouth downwards, and placed on the 
flielf K, it will continue full of water on the prin- 
ciple of the barometer : if its rim be made to over« 
hang the edge of the fhelf, it will be cafy to 
introduce the end of the tube d beneath it ; and 
if the veffel c contain fuch matters as by thdr 
aftion on each other furnifh air, the air will pais 
through the tube d, and rife to the top of b, expel- 
ling more or lefs of the water. A candle may be 
applied beneath c in cafes where heat is wanted. 

1 E is a fmall retort, fuppofed to contain materials 
that afford air to the veffel f. 

c Air may be transferred from one veflcl to an* 
other by the help of a glafs-funnel under water. 
Thus the veffel c being fuppofed to be previoufly 
filled with water, and placed on the fhelf, over a 
hole in which the funnel h is fluck, the air may 
be poured out of the veffel i through the funnel 
into G. 

D Many kinds of air combine with water, and 
therefore require to be treated in an apparatus in 
which quickfilver is made ufe of. This flujd being 
very ponderous, and of confiderable price -, motives 
both of convenience and oeconomy, require that 
the apparatus fhould be made fmaller than when 
water is ufed. 

X Where the change of dimenfions that follows 
from the mixture of different kinds of air is required 
to be afcertained, a graduated tube (fig. i58,) 
is made ufe of. And becaufe the falubrity of com. 

mon 



IEXPERIM5HTS WITH AIR, IJ^ 

mOR air is fuppofed to be determinable by this 
means, fuch a tube is called an eudiometer tube* 
There are apparatus of a lefs fimple conftruftioni 
which arc intended to anfwer the fame purpofe, and 
arc odled eudiometers. 

Fig. 159, is a glafs-apparatus for impregnating \ 
wafer with fixed air. It confifts of three vcffels. The 
lower veflelchas an orifice or neck p, withaground- 
ftopper ', the veflfel b is fitted by grinding, into the 
fieck H of the veffel d. At e is a glafs-cock ^ and 
in the lower neck of the middle veffel b is a valve, 
opening upwards. This valve is compofed of two 
tubes of glafs, with a moveable plano-convex lens 
between, as reprefepted in fig, i6o. The upper 
Tofiel A is fitted^ by grinding, into the neck i of 
the veffel B, It terminates below, in a tubular 
form c, and is clofed at top by the ftopper f. The 
procefs is thus conduced. Pieces either of marble 
or chalk are put into the lower veffel c, and water 
poured thereon; the veffel b is then filled with 
water, and placed on p, by inferting its lower part 
}n the neck h, The empty veffel a is placed in like 
planner on b, its ftopper f being in its place. Laft- 
Jy^ a fmall (juantity of oil of vitriol is poured into 
the orifice d, which is then clofed. The vitriolic 
jicid combines with the earthy part of the marble or 
chalk, and difengages the fixed air that entered into 
its combination, which, of courfe, paffes through 
die valye at h, to the upper part of the veffel b. The 
difplaced water bebg prevented from defcending by 
the vajve, is forced tip through the tubi: e into the 
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veflel A; at the fame time that the common air in 
this laft veflel is partly condenfedj and partly efcapes> 
by lifting the ftopper f» which is ground conical^ to 
prevent its flicking. When the water in b has dc» 
fcended as low as the orifice of c^ the fixed air pa0e$ 
up through the tube inftead of water, and expels the 
common air from the upper part of a. Both fur- 
faces of the water being thus expofed to the fixed 
air> this fluid gradually abforbed, gives the water 
^at lively fubacid tafte^ which is the diftinguifh- 
ihg charaftcr of the Pyrmont water, 

Thofe who are not provided with the apparatus 
here defcribed, may fupply its place by the help of 
utenfils that are every where to be met with, a 
(fig. i6t.) is a half-pint phial s b a bladder, whofe 
neck is lied roiand a cork that fits the mouth of a„ 
and has a hole made through it with a heated wire. 
The fame bladder is feen at d, with a bent tube e 
fliuck in the hole of the cork. In the phial a is 
chalk, with water acidulated with oil of vitridl. The 
fixed air that rifes is received in the bladder, prevl- 
oufly moiftened. While the bladder is filling, a 
quart bottle c, full of water, is to be inverted into 
the bafon f, which likewife containing a little watei^ 
prevents the common air from rifing into c. As 
foon as the bladder is filled it is taken from the 
phial a. The tube e is infcrted, and its orifice 
carefully placed under the mouth of the quart bottle 
c, as in the figure. The bladder being then prefled, 
the fixed air afcends to the upper part of c at the 
fame time that an equal bulk of water defcends into 

the 
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At bafon* By agitating the bottle c^ without with-- 
drawing its neck from the water^ the fixed air be- 
comes abforbed In a few feconds^ and the water 
feafcends. This procefs being repeated two or three 
times, the water becomes faturated, as appears by 
the fixed air being no longer abforbed. 

Though this method poffeffes the advantage of i 
convenience, to fuch as cannot ufe the other, yet, it 
does not produce fb ilrong an impregnation; partly^ 
becaufe the water takes up more fixed air when con- 
denfi^d by prefTure, and partly, becauie in this la£t 
method the water in the bafon being expofed to the 
atniofphere, gives out a portion of the fixed air 
}t contains. 

CHAP. VI. 

CONCERNING WATER, ACIDS^ AND ALKALIS, 

THE properties of water have been fo often K 
adverted to in the former parts of this Trea- 
tife, that it is the lefs neceffary to treat them diffu- 
fively in this place. Water in freezing ufually 
afiumes a fymmetrical form which is that of 
needles crofDng each other at angles of 60^ or 
I ao^ . This arrangement of the parts occafions the 
mafs to occupy confiderably more fpace than be- 
fore, and the expanfion, which is performed ajmoft 
inftantly, is effefted with fuch prodigious force, th^t. 
no veffel has yet been ufed that can withftand it. 

Bomb-* 



Bomb-lhells and gun-barrels have been broken bjr 
freezing water in them, 
L From this expanfion it is, that ice is fpecifesdly 
lefs heavy than water, and confequently floats upofl 

itsfurfacc. 

M It is equally difficult to afcertain any limits to the 
force with which water in a date of vapour nmy be 
expanded by heat. 

N Water is fo univerfal a folvent, and enters mto fo 
many chemical proceffes, that moft philo(bpher» 
overlook its agency, in the confideration of fad» 
it is concerned in : and to this circumftance it is^ 
perhaps, chiefly owing, that its component parti 
have hitherto been undifcovered. / 

o Acids are falts, which are four to the Cade* 
They convert the blue colour of dndture of helio- 
tropium * to a red, and caufe an ebullition or 
efcape of air, if applied to chalk or mild alkalis. 
The affinity of the purer acids for water is fiich, 
that for the moft part they cannot be obtained in a 
concrete ftate; and their aftion on other fubfl:ances 
is fo general, that they are never found pure, but 
require the affiftance of art to render them fo. 

p The acids found in the mineral kingdom are, the 
aerial acid or fixed air; the vitriolic acid, known in 
commerce by the name of Oil of vitriol; the nitrous 
acid, called fpirit of nitre ; the marine acid, called 
Ipirit of fait; the acid of (par, or fparry acid; the 
acid of borax, called fcdative fait ; the fuccinous 
acid, or acid of amber ; the phofphoric acid ; the 

* Cjilled litmas by tfaa d^s. 
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acid of molybdena J the acid of arfenic^ and the acid 
of tungften or wolfram. 

The vegetable kingdom affords many acids: q^ 
diofe which have been examined chemically are 
vinegar, the acids of tartar, of fugar, of forrel, 
of lemons, and of benjamin. 

The acids peculiar to the animal kingdom are r 
the acids of milk, of fugar of milk, of ants, of tal- 
low, and of pruffian blue. 

Vegetable and animal acids are fo far from being s 
£mpl^ that many of them are refolvable into air 
by the procefs of diftillation. The aerial and the 
phic^hbric acids, though enumerated in the mineral 
kingdom, are alfo obtained in great quantities, both 
from animal and vegetable matters. 

Modern chemiftry has difcovered many acids, t 
and there is good reafon to expeft that their com- 
ponent parts will be difclofed by the labours of our 
cotemporarics -, but the alkaline falts ftill remain no 
more than three in ftumber, and have not hitherto 
"been treated in any method that promifes a fatisfac- 
tory aiialyfis. They have a peculiar cauftic 
Tirinous tafte, and convert the blue colour of the 
'dnfhire of heliotropium to a green. 

The vegetable fixed alkali, impure famples of ¥ 
^which are met with in commerce, under the names 
4of fait of tartar, pot-afh, pearl-alh, &c. is moft 
plentifully obtained from vegetable fubftances. 

The mineral fixed alkali is met with in an im- v 
pure ftate, in commerce, under the names of kelp, 
i, Ibda, or fait of foda. It is foujid in the 

earth. 
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-^ ^ ^ai^ immcnlc quantities of 
^-rfA ^^'^^^'^/^coixftitucnt parts of com- 
fli^'^'^^^^is die moSi profitably obtained 
,/. ^^5^^ ^^^^^ fca^falt- 
n^ti^'^^^ slkili is fold by the apothecaries 
'^^ ^nsrt^ ^f fmelling falts, or fal-volatil^ 
^un^J^fiatc it i* combined with a large porticm 
iff ^* , ,^id. It is moft plentifully obtained from 
^'^ fvbttsmccs, being combined in them with 
^Jl^niinciples. The procefs of putrefadiofl 
-^^ it off into the air, together with other 
^atilc matters that vitiate, and often dilguife its 

/hicll. 
Alkalis, combined with the aerial acid, are faid 

(o be mild ; when they are divefted of Qvtrj acid 
cbcy are called cauftic^ 
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THE PROPERTIES OF SIMPLE OR PRIMITIVE 

EARTHS'. 

CALCAREOUS earth is in a tolerably pure y 
(late in comnnon quicklime. If pounded chalk 
be feveral times boiled in diftiiled water to fepa- 
me by folution fuch faline matters as may be 
found in it, the remainder will confift almofl: 
entirely of calcareous earth, united to about an equal 
Ifwaght of fixed air, or aerial acid. If diftiiled vine- 
gar be added to this powder, it will form a faline 
CtMafibination with the earth only, at the fame time 
that the fixed air, afluming an elaftic form, flies ofi^. 
To this folution, decanted from the impurities, mild 
volatile alkali being added, the alkali will unite with 
the vinegar, while the calcareous earth combines 
with the fixed air of the alkali, and falls to the bot-* 
tonr. This powder, well wafhed and dried, is pure 
' chalk, or calcareous earth united witji fixed air. 
This laft may be driven off by fire, and will leave 
the pure calcareous earth difengaged. 

Calcareous earth requires about fix hundred and z 
righty times its weight of water to diflblve it at the 
temperature of 60^, to which it gives a pungent 
taftc. This water, called lime-water, acquires a 
white cruft on the furface, by expofure to the 
fttmc^phere, which breaks and falls to the bottom, 
another emit forming foon after, and fo on till the 
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whole of the lime is precipitated. ' The precipitate 
is chalky or mild calcareous earth; wheace the pro- 
ccfs may be eafily explained.- Fpr chalk is fcajrcely, 
if at ally foluble in water : and the lime;qoQt^ned 
in the water being converted into chalk, by the 
accefllon of fixed air from the atmofph^re, becomes 
an infoluble cruft^ that falls at intq-v^ as its 
quantity becomes too great to be fuppojted IM^ the 
liirface. ... • 

A This earth is foluble in all acids. It is ifiAifible 
in every degree of heat yet obtained^ except, that 
of the famous lens of Parker, in London, ^trhich 
produced a flight beginning of fufion^ , tY<t it 
will melt in a more moderate heat, if mixed Ivith 
other earths, of which it appears to be the flui or 
folvent. -■ - 

B The fpecimens of calcareous earth are vcff 
many. Lime-ftone, chalk, many kinds of mar- 
ble, and almoft every one of the numerous varie^ 
ties Qf fpars, whether tranfparent or opake, confift 
of this earth combined either with the aierial or 
fome other acid. Aerated calcareous earth may 
be known to predominate in any mineral, when it 
froths on the application of an acid. 

c Terra ponderofa, or ponderous earth, is not 
met with in abundance. The commoneft fpeci- 
mens are the ponderous fpar, or 'marmor metallic 
cum, fo called from its great weight, beft known 
to our Englifh miners by the name qf cawk. 
It is met with opake, white, grey or yellowifli, either 
irregularly leaped, or in a Angular form, refem* 

bling- 
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bliQg convex lenfes> fet cdgewife into the mafs 
it adheres to. The tranfparcnt fpecimens are prif- 
mical, and of confiderable hardnefs. All thefe 
confifl of ponderous earth, combined with the vi- 
triolic acid. 

Ponderous earth, combined with the aerial acid, o 
has been found at Alfton Moor, in Cumberland. 
It refembles alum, but is of a (Iriated texture, and 
its fpecific gravity is 4,33 1 . 

if the ponderous fpar, or ponderous earth com- E 
bihed with the vitriolic acid, be expoftd to a ftfong 
red heat, for about two hours, vtith near twice 
its weight of fixed alkali, the acid quits the earth 
to combine with this laft, forming a neutral fait, 
Vfhidi may be wafhed away, and leaves the earth 
combined with fixed air and water. The fixed 
air may be expelled by heat. 

Pure ponderous earth, thtis obtained, is Ibluble p 
in about ni^ie hundred times its weight of water. 
This water refembles lime-water in tafte, and de- 
pofits its earth, by expofure to the air, in the fame 
manner. 

The properties of ponderous and calcareous o 
earth agree in many refpeftsj but in others they 
difiFer fo much, as clearly to evince that they are 
not one and the fame earth, as has been fuf- 
pcfted *. 

* See Bergman's Works, Kirwan's Mineralogy, and With- 
ering on the terra ponderofa aerata, in PaiL Tranf. for 1784. 

M 2 • Magnefia, 
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H Magnelia, or magnefian earth> eMst% lAto ^ 
compofition of Ibmc earthy fubftanccs*, the chief 
t)f which arc fteatites5 ibap-rock^ French chaUc, 
iiftcftos, and talk. It is in the fea-ip^aiter in gt«it 
quantities, combined either with the marine or 
< vitriolic acids. , Epfom fait is a combiiia^on of 
the Vitriolic acid with magnefia. If this lie dif* 
iblved in water, and mild volatile alkdl added^ 
the magncfia is precipitated in conibination widi 
die fixol air, while the alkali unites with the vi- 
triolic acid. The magnefia thus obtained, cofi- 
tiains one fourth of its weight in fixed air, and 
about the fame quantity of water. Both arc driven 
off by 6rej by which the magnefia is rendered 
pure, and has fomewhat lefs than half die wei^ 
it pofleffed in its former mild ftate. 
I Clay or argillaceous earth, is found every where 
in great quantities, but in the native fpecimens 
it is always mixed with a confiderablc quantity of 
other earths. Alum is a fait, confifling of argil- 
laceous earth, combined with the vitriolic acid. 
. If it be diffolved in water, and the mild volatile 
' alkali . added, this lad unites with the acid while 
the earth is precipitated, combined with a fmall 
proportion of the aerial acid. 
K Argillaceous earth inribibes water ftrongly, but 
is fcarcely folubie therein. When fufficiently di- 
vided, it forms a tenacious mafs with water, b 
as to admit of being moulded into various forms* 
It contracts very much by heat, and acquires a 
a flinty 
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flinty ii$fid||le& by balciDg^ ^ich does nof then 
f^Ser a^ ^watioa from water ; though its origin 
nal: foftnfCs and tenacity may be again reilored by. 
iokiQQSi in acids^ and precipitation. 

This cardi, which is fo vS^(vi in the art*, has- 1 
been applied *, with great fuccefs to the admea-* 
fmtmcM ef the higher degrees of heat. For as : 
^irtacpanfm of the mercury^ in a oommon ther- 
momet^r> iodicates the fucc^v^ augmentations of 
tfflfnpwature, fo the CftotraiftiQns of the volume. 
of a fmall brick of clay, by e:qx)fure to ignition^ 
Bf^ fy^nd to be greater, the more violent the heat, i 
Qy 1^€ help of which property ve are in pofleffipn 
qI^, an invaluable n^ethod of n^eafufing and com* 
pSKJpg (hofe high temperatures. 

Siliceous earth, which is alio called cryfialline> m 
or r^vwxifiable earthy abounds in many fubftanccs* 
Ci^yftal is one cf the purefl fpecimciis. Extremor 
bai;diiei3 is moft comixionly a chara£teriftic of fili* 
ceous earths, &> i^at (tones, ia ivhich it predo* 
annates, will ftrike fire with fteel, or at leaft wiU 
fcratch its furface, however highly tempered. 

To procure filiceous earth in a pure ftate, clear n 
cryllals, or quartz, muft be reduced into powder, 
and melted with four times its weight of fixed 
alkali. The compound is then to be difiblved 
in water, and the vitriolic acid added in confi- 
dcrable quantity. The alkali and acid unite to- 
gether, forming a fait that remains in folution : if 

/ 

• By J. Wedgwood, Efq. See the Phil. Tranf. 
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there be any other kind of earth prefent, it wM 
likcwife combine with the fuperfluous acid. But 
the filiceous earth being difenga^ed, falls to the 
bottom in a fubtile powder, which muft be cleared 
of the falifie liquor by decantation, and repeated 
wafhing with pure water. 

O This earth is afted on by no acid but the acid 
of fpar, or fluor. Fixed alkalis diflblve it^ either 
in the dry or moift way. Like the other earthsi 
it is not fufible without addition by any heat yet 
obtained. 

p Though the fimple earths are all infufible alone, 
yet they may be fufed by mixture with each other* 
The calcareous earth is found to aft as a men* 
, ftruum in difiblving other earths by fufion ; and 
uiien it has once aAed on any earth, a compound 
menftruum is formed, which is ftill more effica« 
eious on other earths. Hence it is that equal 
parts of any three of the fimple earths may be fiifed 
into glafs, provided calcareous earth be one of the 
pumbcr, 
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CHAP.' VIII. 

CONCERNING THE PROPERTIES OF BODIES IN 
WHICH PHLOGISTON ABOUNDS. 

ALL bodies which can be fubjefted to the a 
aft of combuftion, contain a fubftance ca- 
pable of being exhibited in the fom of inflam- 
mable air. They may all be deprived of their in- 
flammable air by combuftion^ except the noble 
metals; and thefe do not invalidate the general 
conclufion, becaufc qhemifliry has other methods 
of treating them^ fo as to exhibit the inflammable 
ar they contain. The fimple combufl:ible bodies, 
after having been burned, may be reftored to their 
original ftate, by renewing the inflamniaBle air 
they had loft i and in this operation it is of no 
conlequence what the fubftance may be that fup- 
plies it. For thefe and other reafons it is infer- 
red, that inflammable air, when free from foreign 
admixtures, is one and the fame principle, namely, 
thc^ principle whereon the inflammability of bodies 
depends, or phlogifton. 

Phlogifton, combined with fome unknown mat- r 
^cr, forms diamond i with acids, it forms plum- 
bago, fulphur, phofphorus; with calces, it forms 
metals, and in its combinations with water, acids, 
and perhaps other matters, after certain modifica- 
tions not clearly underftood, it fornis ether, ardent 

M 4 fpirit. 
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fyiTit, oiI^> amberj bitumens^ coal, and various 

other inflammable bodies i maay of thefe may be 

exhibited in the form of air. 

The diamond is found in various parts of the 
Mogul's empire> and alfo in the Eafl: Indian iflaads 
and the Brazils. It is ufually of an oAohedral 
form, though not unfrequcntiy in rouhd mafles* 
The confent of mankind has damped a prodigioiis 

.value on the diamond. Its great luftre, which 
feems to have been the property that originally 
attradted their notice, is owing to two caufes. The 
firft is, that being the hardeft of all bodies, it 
takes and preferves a moft exquifite polifh; an4 
the other is, that its refraftive power is Co much 
greater than that of any other medium, as to oc- 
cafion all the light to be refleded (i. 270, aY 
which falls on any of its hinder furfaces, at a 
greater angle of incidence than 24J: degrees. Now 
at a lefs angle of incidence in glafs on the internal 
furface than 41 degrees, the light will be tranf- 
mitted. Confequently, if an artificial gem and a 
real diamond be compared, ,the light falling on 
each, alike fituated, will be thrown back with 
its full glare from a diamond, not only in all the 
cafes wherein glafs will refledt it,' but likewifc*at 
all the angles between 41*^ and 24?^, while the 
glafs fufFering it to pafs through, will appear lifc- 
lefs and dull. It is no wonder therefore, that the 
efFeft of the diamond is fo much greater. 

r No acid, but the vitriolic, has any efFeft on 
this gem ; in which, if diamond powder be tri- 

turated> 
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triratedj and evaporation carried on nearly, to dry- 
ncfs, the acid grows black, and depofites pellicles 
that burn, and are almofl: entirely confumed. 

In a heat fomewhat greater than is required to u 
melt fiivcr, diamond is entirely volatilized and con- 
fumedj producing a (light flame, and leaving a 
foot behind. 

Plumbago, or black lead ufed for pencils, is v 
not foluble in the mineral acids, and is totally dif- 
fipated or volatilized in a ftrong heat. In a red ^ 
heat it is decompofed by the addition of nitre, 
with which it deflagrates. This fubfl:ance is found 
to confift of the aerial acid united to phlogifton. 

Sulphur, or brimfl:one, is a compound of the w 
vitriolic acid and phlogiilon. It is foluble in 
pils^ and alfo in alkalis. At a temperature, not 
much greater than that of boiling water, it eva- 
porates in the open air, and is decompofed at 
the fame time, emitting a flame which by day has 
the appearance of a white fume, but in the dark 
is luminous, though its heat is fo fmall, that it 
may be fuflered to play againft the palm of the 
hand without much inconvenience. At a higher 
temperature, it burns with a vivid blue flame, and 
is decompofed more rapidly, the acid taking the 
form of air of a mofl: fuflfocating odour. This air, 
called vitriolic acid air, unites with water, if pre- 
fenr, and forms the volatile vitriolic acid. 

Sulphur is not decompofed, but fublimes en- x 
tire, if expofed to heat, without accefs of air, 

Pholphorus 
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y Phofphorus difFcrs from fulphur in the nature of 
its acid. Like fulphur^ it burns with two kinds of 
flame, but is much more inflammable : for a ];&«a€ 
of about 60 degrees is fufiicient to produce the 
weaker flame, and at 1 60^ it burfl:s into a flrongly 
vivid, and moft defl:rudlive flame. Its acid is not 
volatilized, but remains after combuftion. "It 
fublimcs entire by heat, provided air be not pre- 
fent. ' 

z Metallic fubftances are diftinguilhable from all 
other bodies by their great fpecific gravity and 
opake fhining appearance. They are compofed 
each of phlogifl:on, united to a peculiar heavy, 
dull, brittle fubftance, called a calx (152, w), which 
in fome refpefts refembles earths. Thelc, when 
partially deprived of phlogifton, are foluble in 
acids, and form falts. Such metals as are not 
calcinable, to any fenfible dcgrei^, by mere heat, 
with accefs of air, are called perfeft metals i fuch 
as are calcinable by fire, are called imperfeft^ 
Metallic fubftances that rriay be extended by ham- 
mering, are called metals, in contradifl;in6lion to 
fuch as are more or lefs brittle, and axe called 
femimetals. All metallic fubfl:ances may be fufcd 
without addition ; and if the excefs of air be ex- 
cluded, they fix again by cold, without having 
fufFered any lofs or change of their conftituent 
parts. They all conduft the eleftric matter with 
great facility. 

L Of metals hitherto difcovered, the perfeft arc 
gold, platina, and filver j the imperfed are mer- 

cury^ 
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cuiy, or quickfilver, lead, copper, iron, and tin ; 
the Icmi-metals are bifmuth, nickel, regulus of 
arfenic^ cobalt, zink, regulus of antimony, regulus 
rf manganefe, regulus of wolfram, and regulus of 
mdybdena. 
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CHAP. IX. 

OFifTHB VITRIOLIC ACID, AN^D COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART. 

THE vitriolic acid, fo denominated becaufe b 
obtained from the fait called vitriol, is found 
in great quantities united to phlogifton, in the form 
of fulphur. Sulphur is either found native in die 
neighbourhood of volcanos, or united with earths 
or metals. One of the moft common fulphureous c 
compounds is the pyrites, or mundic. This con- 
fifts uftially of fulphur, iron, clay, and filiceous 
^rth. It is generally of a yellow or greyilh co- 
lour, of a globular or cubic fhape, internally ra- 
diated, or fometimej lamellar. With the fteel it 
ftrikes fire plentifully, whence its name is derived. 
If pyrites be expofed to heat in clofed veffels, the 
fulphur fublimes \ but in the open > air it is de- 
compofed by combuftion, the quantity and com- 
bination of the principles left in the mafs being 
by that means changed. 

The pyrites, by long expoftire to the aftion of d 
the air and moifture, fufFer a remarkable change 

in 
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in their component parts. The phlidgiAon of diD 
fulphur^ by a procefs analogous to combuftioay% 
thrown ofi^ while the acid and water tntite m^ the ' 
iron, forming vitriol, and with the cttyy^-ftirming 
alum ( 1 64, 1 ) . Thefe may be obtained by ibhlfidii 
in water ; and a fubfequent eva{toration dimiiiifii^i 
the quantity of the folvent, fo as to caufe the &lb^ 
feparate in the form of cryftals. • ■ • 

If vitriol be expofcd to diftillation, the watd* thit 
encered into thecompofition of thfe cryftals rif8si' ifiiS 
afterwards the greaitft part of the add, wifli^f^le 
of the phlogifton of the iron, leaving a browiit^'^ 
in the retort, called colcothar. A fecond diftffiitldl^' 
with lefs heat, feparates the phlogifticated acfif, Wi 
leaves the denfe concentrated vitriolic acid' behind* 

This |)rocefs for obtaining the vitriolic toA 
is not now ufed, becaufe a cheaper method has bieifcn 
contrived for procuring it immediately fronri Tut 
phur. A quantity of fulphur and nitre grdRIjr 
mixed, are placed in a veflfel within a fmall cham* 
ber or room, lined with lead, and containing Ibrrte 
few inches of water on its bottom. The fulphuf is 
lighted, and the room clofed. The nitre ferves to 
maintain the combuftion, by fupplying pure air, and 
the vitriolic acid is thus volatilized in the form of 
air, which (169, w) combines with the water. 
To expedite this combination, it is faid that fleam 
of water is introduced into the clofed room during 
the combuftion. By a repetition of the procefs, the 
water becomes more and more acid. The phlo- 
gifton is diflipated by expofure to air, and the acid 

is 
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)m concentrated by diftiUing off the fuperfiuous 

water* = 
. Tl^e, vitriolic acid is denfe, colourlefs, and has o 

a ftrongcr {tendency to combination in more cafes 

! jdi^a cwiy other acid. It may be fo far deprived 

of water as to become concrete, but it attra&s this 

fluid ft) powerfijlly as to deliquefce by expofure to 

the atmofphere in a fhort time, and does not ccafe 

; 10 attraft the humidity of the air till it has acquired 

«Orc than fix times its original weight. In cafes 

where a certain quantity of air is required to be 

divefled of its moifture, it may be performed by 

! placing a cup, containing concentrated vitriolic 

acid iinder the receiver that confines die air. 

This acid, and, indeed, every other chemical h 
principle, is beft known by the phenomena it pre- 
fenc^ and the combinations it produces when united 
IP other bodies. The moft common of thefe are 
hare enumerated. The names are given according 
to the Nomenclature of Bergman, who converts 
fhe name of the acid in any combination into an 
adje&ive, which he applies to the bafe or other 
principle : fuch other fynonimes are likewife 
added as are moit commonly ufed by chemical or 
medical writers. 

If the vitriolic acid be poured into a folution of i 
the vegetable alkali, to faturation, which may be 
determined by a fmall quantity of the liquid pro- 
ducing oo .change of colour with the tindhire of 
heliotropium (158, o) a neutral fait is formed that 
aflTumes the figyre of cryftals, as the water is dimi* 

nifhed 
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niflied by evaporation. This is called vitriolated 
vegetable alkali, or vitriolated tartar, and contains 
thirty-one parts of acid, fixty-three of Ukali, tad 
fix of water. It is not eafy of fdutidh in watCTi 
requiring fixteen times its weight to diflblve k ia 
the temperature of 60**^ but if the watex be boilings 
five parts are fufficient. Vitriolated ttttiU? is nfcxi 
only in medicine. -'► 

K The vitriolated mineral alkali, or Glauber's fair, 
may be produced in the fame manner, by milking 
ufe of the mineral alkali inftead of the vegetable. 
It contains fourteen parts of acid, twehty^two of 
alkali, and fixty-four of water, and refembles vitrio- 
lated tartar in many of its properties, but requires 
only three times its weight of water to diflblve k at 
the temperature of 60^. Great part of the water 
that enters into the formation of the cryftals is 
dilfipated by expofure for fome time to the air, the 
fait gradually falling into a white powder or efflo* 
refcence. 

L Vitriolated volatile alkali, or vitriolic ammoniac, 
contains forty-two parts acid, forty of alkali, and 
eightee/i of water. 

M Vitriolated lime, commonly called felenite, 
abounds in vaft quantities in nature, and accord- 
ingly as its external appearance an4 texture differs, 
it is called gypfum, lapis fpecularis, alabafter. In 
the temperature of 60^ it requires about five hun- 
dred times its weight of water to diffolve it, and 
from thence was formerly reckoned among the 
earths, though its component parts are thirty acid, 

thirty- 



<bifty-two with, and thirty-cight water. By expo- 
iivn;i3n(i>= heat a litde below ignition^ about twenty 
p^Uts <:^, its water are diillpated^ at the fame time 
th^Svitp/alk into a powder^ which is agitated by 
fheji^apours that efcape in fuch a manner as to caufe 
.^;*PP«^ancc of boiling. This powder is known 
49;aoG|Kii^ce by the name of plafter of Paris, and is 
chiefly ufed for making ftatues, and other articles 
thftt receive their figure from a mould ; an ufe to 
l^iif^: it is admirably adapted^ by the fpeedy re- 
(unn^ti^ of a folid form, when the water of cryftal- 
liescionv is reftored : for, if the powder be mixed 
with water, to the confiftence of thin pafte, it may 
be '.poured into a mould, and \/ill run into all the 
firokes and cavities with the greateft facility ; a few 
minutes after which, the water that maintained the 
ftate* of fluidity, by mere mixture with the powder, 
cotnbines intimately with it, and the whole mafs 
becomes folid. 

Vitriolated ponderous earth, or marmor metal- n 
licuth, already defcribed, (162, c) contains eighty- 
four parts of earth, thirteen of acid, and three 
« of water j in the native fpecimens it is infoluble, 
or nearly fo in water. 

Vitriolated magnefia, or Epfom fait, contains e 
trcnty-four pans of acid, nineteen of earth, and 
fifty-feven of -water. It efflorefces like Glauber's 
fait, by expofure to the air, and requires about its 
own weight of water to diflblve it in the tempera- 
ture of 60^. 

o Vitriolated 
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p Vitriolated clay, or alum^ contains twentjf-foar 
. parts of acid) eighteen of earth; and fift]r-etghc of 
water. Its cryftals are ufually covered vrith a flight 
efflorefcence. In about fifteen times its weight of 
water at the temperature of 60^, it is totally d}flbl¥«- 
ed ; but at higher degrees of heat it is fbliable in a 
very fmall quantity of that fluid. It is fufed tvcn 
by its own water of cryftallization, and boils isip into 
a ^thy mafs) which gradually dries into a white 
friable fubftance, called calcined alum. Calcined 
alum is, however, no otherwife changed than by 
the lofs of its water, and may be reduced again into 
its original form by reftoring it. 

Q^ Vitriolated phlogifton, or fulphur (169, w) is 
found to contain fixty parts of acid, and forty of 
phlogifton. From the inflammability of fulphur, 
and its affording the vitriolic acid, it is concluded 
that it contains phlogifton, and that acid. And it 
exhibits no other produfts. 

R The combination of fulphur with a fixed alkali 
may be made either in the dry way, by melting the 
two fubftances together, or in the moift way, by 
boiling fulphur in an alkaline lixivium, and evapo- 
rating the water. This laft method is, however, fel- 
idorn made ufe of. The liver of fulphur, fo called 
from its colour, has a fetid fmell, is foluble in 
water, and is very deliquefcent. The force of 
adhefion between the acid and phlogifton being 
much weakened by the attraftion exerted by the 
alkali on the former, the phlogifton continually 

flies- 
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flics off into the air, and at length leaves the alkali 
tmited only to the acid, forttiiirfg eithet vitriolated 
tartar or Glaiuber's f^lt. So liketvife the attraiflbion 
exerted in this cafe between the acid^ahd alkali is 
much weaker than it would have been if the acid 
were.'BOt likewife in combination with phlogiflpn. 
Foii if; liifrjiver of fulphur be diffolved in Vateir,**- , 
the alkali- will be attradbed and the fulphur |5re«' 
cipiuted^ on the addition of an acid, whofe eleftive . 
attraction to the alkali is much lefs powerful thai) 
that of the vitriolic acid when at liberty. 

Th& nicthod of Stahl for producing fulphur, by s 
the diredt combination of the vitriolic acid with 
the principle of inflammability, deferves to be meri- 
tiooed in this place. Equal parts of vegetable fixed 
aUcalii and vitriolated tartar, are fuied in a Crucible, 
after which fomewhat lefs than one-fourth part of 
charcoal in powder is added, and the whole well 
mixed by ftirring. The crucible is then covered, 
and a ftrong heat given for a very Ihort time j after 
which it is taken from the fire, and the contents 
poured on a fmooth ftone, previoufly ground. Thi^ 
matter is not found to differ in its cfTential proper- 
ties from the liver of fylphur, and if difTolved in. 
water, the fulphur may be precipitated by the' addi- 
tion of an acid. The theory of thefe fadts appears to 
be, that the phlogiflon of the charcoal combines 
with the concentrated acid of the vitriolated tartar^ 
and forms fulphur, which unites with th^ alkali in; 
the fame manner as other fulphur would have done 
if diredtly added. 

Vol. IL N The 
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T The Titriolic acid, in combination with metal- 
lic calces, forms fairs which haVe been denoted 
under the general name of vitriols. , The three 
following only are known in commerce, or ufed in 

the arts. 

V Vitriolatcd iron, or martial vitriol, known vul- 
garly by the name of green copperas, contains, 
when recently cryftallized, twenty parts of' acid, 
twenty-five of iron, and fifty-five of water; but 
it efflorefces by the lofs of part of its water when 
expofed to the air. It requires fix times its weight 
of water to diffolve it in the temperature of 6o^. 
This fait is ufed in dying blacks, and in making ink 
for writing. 

V Vitriolated copper, or blue vitriol j of this 
thirty parts in the hundred are acid> twenty- 
feven copper, and forty-three water. It is ufually 
obtained from waters in Hungary, Sweden, or 
Ireland, in which it is naturally difiblved. It re- 
quires about four times its weight of water to dif- 

w folve it in the temperature of 60^. In fome places 
the waters naturally containing this fait are made to 
depofit the copper by expofing pieces of iron 
to their adtion. For the acid quits the copper, and 
forms martial vitriol, by uniting with the calx of 
the iron, while the phlogifton of this lafl:, uniting 
with the calx of copper, enables it to refume its 
metallic fl:ate. The martial vitriol being foluble, 
remains in the water, while the copper falls to the 
bottom in a muddy or powdery form. If the folu- 
tion, or water containing vicriolated copper, has 

3 no 
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fto cdnfiderable excefs of acid, eighty parts of iron 
will precipitate one hundred of copper. One of x 
the tefls of the prefence of vitriolated copper in a 
liquid confifts in dipping a piece of clean bright 
iron therein, which becomes immediately covered t 
with a thin coat of copper, in confequence of the 
beginning of the procefs of transferring the acid 
from one metal to the other. 

Vitriolated zink, vulgarly called whii;e vitriol, or y 
copperas, is of a white colour, and contains twenty- 
two parts of acid, twenty of zink, and fifty-eight of 
water* It is foluble in about twice its weight of 
water at the temperature of 60*^ , 

If the concentrated vitriolic acid be heated with z 
almoft any fubftance, containing phlogifton, part of 
the acid combines with the inflammable principle, 
and flies off in the form of vitriolic acid air. This 
may be confined by mercury, but unites with water, 
forming the volatile or phlogifticated vitriolic acid, 
(172, f). Vitriolic acid air is fatal to animals. 

In proceffes with fome of the metals, efpecially a 
iron and zink, the vitriolic acid, when properly 
diluted, docs not unite with the phlogifton, which 
therefore rifes in the form of inflammable air. 
(95, X.) The chief reafon of this fcems to be, that 
the abundant water attra£ting the acid, counterafts 
the effed of its affinity for phlogifton. 
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CHAP. X. 

OF THE NITROUS ACID, AND COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART. 

B T^ EITHER the nitrous acid, nor any of the 
^^ falts containing it, are ever found in confi- 
derable quantities in nature. This acid is obtained 
by the complete putrefaftion of animal or vege- 
table fubftances i in which it is produced by the 
combination of the vital air of the atmolphere 
with phlogifticated air from the organized fub-r 

c ftances. Grounds frequently trodden by cattle> 
and ^impregnated with their excrements, or where 
vegetables rot, or in the vicinity of flaughter- 
houfes, or burying-grounds, or other places expofed 
to putrid vapours, afford nitre after long expofure 
to the air. The earths that afford the beft matrix 
for the reception and complete putrefaftlon of the 
vegetable or animal matter, are of the calcareous 
kind; and in fome places artificial beds, com* 
pounded of putrefcent matter and calcareous earthy 
are made with fuccefs for the produftion of nitre. 
If thefe beds contained much vegetable matter, a 
confiderable portion of the fait obtained fron% them 
is true nitre, or the nitrous acid combined with the 
vegetable alkali ; butif otherwife, the nitrous add 
is, for the mo.fl: part, combined with calcareous 
earth, and requires the addition of the vegetable 

alkali 
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likali to decompofe it. With tjiis intention wood- 
aihes^ or pot-alh, is ufually added in the proccfs, 
vvhich is as follows : 

A number of large cafks are prepared, with a d 

cock at the bottom of each, and a quantity of 

flraw within, to prevent its being (topped up. The 

nitrous earth is placed in thefe, together with wood- 

afhes, or pot-aih, either ftrewed at top, or ftratified 

with the other matter. The veffels are then filled 

with hot water, which, after fome time (landing, is 

drawn ofF, and freih water added repeatedly, fo 

long as any fait can be extrafted by this means. 

This walhing of the earth is repeated, by pafTmg the 

&line liquor through frefh parcels, till it is ftrongly 

knpregnated. In this ftate it is conveyed to the 

bo^er, and great part of the water evaporated by 

heat, A confiderable proportion of common fait, 

which the water obtains from the earth, is depofited 

during the boiling, and taken out by means of a 

perforated ladle, while the nitre ftill remains in 

• iblurion. For the quantity of nitre that can be £ 

held in folution by boiling water- is much greater 

than of common fait ; therefore, the common fait 

will begin to be throwa down at a much earlier 

period. of the evaporation than the nitre, and a 

copfiderable portion of the former will be thus fepa* 

rated before any of the latter quits the folvent. 

When the liquor is fufficiently concentrated by 

boiling, which is known by trials made with fmall 

quantities taken out from time to time, it is con«- 

N 3 veyed 
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veyed into veflcls where it cools^ and much €si ttie 
nitre is then found in a cryftallized ftate. 

The reparation of the nitre from the common 
fait is much forwarded by another circumllance, 
wherein their folubilities differ. Nitre being dif- 
folved to faturation in boiling water> will aflFord a 
large quantity of cryllals by cooling ; a proof thai: 
it is more foluble in hot than cold water : but 
common fait by the fame treatment affords icarccly 
any. In the foregoing procefs it is found> that oo 
this account the cryflals formed by cqoUng confift 
almoft entirely of nitre, the common fait remain- 
ing difTolved in the water, notwithftanding its 
change of temperature. And a repetition of the 
procefs ferves to purify the nitre ftill more^ 
With this intention, fo much pure water is added 
to the nitrous cryftals as is barely fufKcient to dif- 
folve them, and the evaporation by boiling is 
repeated. The cryftals of nitre obtained by the 
fecond cooling are much purer than before, becaufe 
the proportion of water to the common fait is 
greater, and coi>fequently Icfs will cryftallize with 
the nitre. For nice purpofcs this boiling with 
frcfh water is repeated four times. 

o If nitre be expofed to a ftrong heat in an earthen 
retort, a large quantity of air, much purer than 
that of the atmoiphere, is produced, and the alka- 
line bafe is left in combination with the earth of 
tl-ie retort, which it dilToives. The weight of the 
air thus obtained, added to that of the alkaline 
bafe, amounts to the whoje weight of the nitre made 

ufe 
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ufe of*. Thisfa<Sl-is varioufly explained. The k 
pure air is thought by fome to confift of the nitrous 
acid, deprived of water and phlogifton, and united to 
heat in a latent ftate; or of the nitrous acid perfeftly 
faturated with phlogifton ; or of the water that 
entered into the formation of the nitre, and is 
fuppofed to be, by fome means, dephlogifticated ; 
(148, M, N.) or of a certain principle common to 
all acids. For the produ6Hon of pure or dephlogif- 
ticated a!ir, alfo takes place, when certain other falts 
which do not contain the nitrous acid are expofed 
to heat, 

A moft intenfc degree of combuftion takes x 
place when nitre is brought into contaft with any 
inflanrimable body, either of the two being previ- 
oufly made red hot. This continues cither till the 
whole of the nitrous acid is diffipatcd, or the body 
confumed, and is evidently owing to the pure air 
produced, which maintains the combuftion. In 
the detonation of nitre with phlogiftic bodies, water 
is produced, formerly termed the clyfTus of nitre, 
and moft probably afforded by the combination 
of the inflammable air of the body confumed with 
the dephlogifticated air of the nit;re, (148, n.) 

Gunpowder is ufually compofed of 75 parts k 
nitre, fixteen charcoal, and nine fulphur, intimately 
blended together, by long pounding in wooden mor- 
tars, with a fmall quantity of water. Its efifcdls 
are well known. Any part of a quantity of gun* 
powder being fct on fire, . the detonatioh begins, and 

* BerthoUet, in the Memoirs of the Royal Academy of 
Paris, for the year 1781. 
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1$ propagated with amazing capidity through the 
ipterflicejs of the grains. In confequence orwhichj 
4 fudden and very powerful expanfion of the mate- 
rials takes place. 

% Nitre, or nitrated vegetable alkali, containi 
thirty parts acid, fixty-three alkali, and ieveo 
water. It requires about feven times its weight of. 
wat?r to diffolve it in the temperature of 60^. 

M If concentrated vitriolic acid be poured a little at 
a time on pure nitre, in a tubulated retort, with a 
l^ge receiver, taking care immediately to clofe the 
aperture, it will combine with the alkali, and the 
. nitrous acid3 called fpirit of nitre in commerce, 
will rife in fume§ that will become condenfed in the 
receiver. After the fpo^taneous vapours have 
ccafed, heat muft be gradually app^ed, till nothing 
inore will come over. Vitriolatqd tartar (173, i) 
will remain in the retort, and if the acid in the. 
receiver be added to pure vegetable alkali, it will 
again compofe nitre. 

n This nitrous acid is of a yellow colour, and con-» 
tinually emits red fufFocating fumes. Thefe funics 
arife from an cxcefs of phlogifton^ which maty be 
driven off, by haftily boiling the acid in an open 
veffel, when the ^cid becomes as clear as water. 
]But the fmal}eft additjop of any inflammable mat- 
ter, or even expofure to the fun's rays, will reftore 
the former colour, and caufc the acid to emit 
funries as before. 

p Nitrous acid of the Ihops is feldpm withoyt ^ 

mixture of the marine acid, which it obtains from the 

^ . fca- 
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iea^falt that cryftallizes with the nitre made ufe o(, 
(i8i, D.) This may be feparated by diJOTolving 
filver in a fmall quantity of the acid, and drop-* 
ping ' gradually fome of this fohition into the acid 
required to be purified, as long as any cloudinefs 
appears. For the marine acid combines with the 
filver, and forms a compound that precipitates to 
the. bottom, leaving the nitrous acidpure. 

The red vapour which rifes from the nitrous p 
acid may be preferved in clofe velTels, without con- 
denfation by cold. It is called the aeriform nitrous 
acidt Water abforbs it, which becomes fucceC- 
fiydy blue, green, and at laft yellow, when it has 
received an increafe of one-third of its bulk. This 
is termed the phlogiiticated nitrous acid. 

Experiments with the aeriform nitrous acid are q^ 
rendered difficult, by the circumftance of its ading 
on, and uniting with every fluid hitherto ufed in 
attempting to confine it. 

When nitrous acid is applied to bodies contain- r 
ing phlogifton, nitrous air is prdftuced. This may 
be coUcftcd in water as well as quickfilvcr. The 
acid in nitrous air is fo well faturated with phlo-- 
gifton, that it exhibits no marks of acidity when 
properly prepared. Water will imbibe one-tenth 
of its bulk of this air. 

The mixture of nitrous with refpirable air affords s 
a remarkable and interefling appearance. Their 
xinion is attended with heat; a reddilh brown cloud 
appears, and the fum of the fpaces occupied by 
bpth airs becomes much fmaller than before. Jt x 
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IS found that their diminution is greater^ the bet* 
ter adapted the refpirable air is to the piupofes <^ 
fupporting aninnal life or combuftion ; and that 
the nitrous acid is precipitated, converting the 
water over which the operation is performed into 
nitrous acid. Thefe are natural confcquences of the 
ftrong attraftion of pure air to phlogifton, by which 
it is vitiated; and rendered noxious in this procefi. 

V Dr. Pricftley, whofe difcoveries refpefting aeri- 
form fluids have defervedly placed him in the 
higheft rank of experimental philofophers, ufually 
afcertains the purity of air by adding an equal 
volume of nitrous air to it, and exprefles the fame 
by writing in figures the Ipace occupied by both 
after the diminution. Thus, if equal meafures rf 
common and nitrous air were diminifhed on mix- 
ture by yi. of a meafure, he fays the meafure of the 
tc^ is 1.3 5 which number denotes the reduced bulk 
of the air which was originally 2. But when the 
purity of dephlogifticated air is to be afcertained, 
he ufes more nitrous ^air, a fingle meafure not being 
fuflicicnt. The pureft dephlogifticated air will 
receive the addition of three times its own bulk of 
nitrous air before the fpace it occupies is fenfibly 
augmented. 

V The inftruments ufed to determine the falubrity 
of air by this method are called eudiometers. In 
general, experiments may be made with a gra- 
duated tube A B, fig. 158, on which the fpace 
occupied by the air after its diminution may be 
read by means of the divifions. 

The 
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The nitrous acid, with the mineral alkali, formj w 
nitrated mineral alkali, or quadrangular nitre^ which 
contains thirty parts of acid, fixty-three alkali, and 
. feven water. Its properties are nearly the fame as 
thofeof the common, or prifmatic nitre, but it is le(s 
fit for making gunpowder, becaufe it attrafts hu- 
midity from the air. About three times its weight 
of water at the temperature of 60^ are fufficient to 
hold it in iblution. 

Nitrated volatile alkali, or nitrpiis ammoniac, x 
contains forty-fix parts acid, forty alkali, and 
fourteen water. This fait is remarkable for its 
property of detonating, without the contaft of 
inflammable matter, when heated over the fire; 
■which is one of the proofs that the volatile alkali 
contains phlogifton. 

Nitrated lime, or nitrous felenite, contains t 
thirty-three parts acid, thirty-two earth, and thirty^ 
five water. It is deliquefcent. 

With ponderous earth the nitrous acid forms a z 
fait, whofe cryftals do not deliquefce. 

Nitrated magneiia is a deliquefcent fait, and a 
contains thirty-fix parts of acid, twenty-feven of 
magnefia, and thirty-feven of water. 

Nitrated clay appears to be of very difficult folu- b 
tion in cold water, and may contain 153 parts of 
acid to 100 of earth*. 

The nitrous acid diflblves moft metallic fub- g 
fiances, part of the acid flying off with the phlogif- 

• Kirwan in Philof. Tranf. for 1782. 

ton. 
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ton^ in the form of nitrous air, and the reft in com* 
bination with the metallic calces^ forming fait. 

D The inflammation of oils, by the affliiion of the 
nitrous acid^ is a phenomenon that never fails to 
excite the aftonifhment of the beholders. All the 
oils obtained by difliUation from vegetables, and 
diftinguiflied by the name of efTential oils^ and alio 
fuch other oils as are difpofed to become thick and 
dry, by expofure to the air, are proper for this ex- 

fi periment. An ounce of the oil intended to be iet on 
fire muft be placed in ia ihallow velTel, and a botde 
containing an ounce of the mofl concentrated oi* 
trous acid muft be faftened at the end of a pole, that 
the operator may be fufficiendy diftant from the 
inflammation, Two^^thirds of the acid being poured 
on the oil, excites a confiderable ebullition ^ the oil 
grows black and thick, and fometimes inflames. 
But if this laft circumftance does not happen in 
four or five feconds, the remainder of the acid muft 
be poured where the mixture appears the moft dry 
and black, and then the inflammation fcarcely ever 
fails taking place. 

f Fat oils may alfo be inflamed, if equal parts of 
the nitrous and vitriolic acids be firft poured on 
them, and, when the ebullition is at the greateft, 
a portion of nitrous acid be poured on the dryeft 
part. 

G 'JThe theory of this lingular experiment is yet 
imperfeft. There can be little doubt but the 
dephlogiflicated air of the nitrous acid (182, c) 
combining with the pWogifton of the oil, pro- 
duces 
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duces the combuftion (150. t, u.) But the 
other circumftances relating to the capacities the 
new combinations in this procefs may feverally 
have for heat^ and on \trhich the high temperaturd 
(nnoduced in a great meafure depends^ have n6t 
yet been fufficiently inveftigated. It is probably 
owing to thele that eflential oils are better adapted 
to this purpofe than any other phlogiftic bodies. 
The vitriolic acid may perhaps tend to concen- 
trate the nitrous acid in the experiment with fat 
oilsj or perhaps its a£lion on the oils may bring 
diem nearer to the nature of effential oils, at leaft 
as far as relates to tliis procefs. 



CHAP. XI. 

OF THE MARINE ACID, AND COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART. 

THE marine acid is obtained froiji common h 
fait. This fait, fo univerfally ufed through- 
out the civilized parts of the world, is either dug 
out of the earth in large maffes, called rock-falt, 
or obtained by evaporation from the waters of falt- 
iprings, or of the fea. Sea-water ufually contains i 
between the twenty-fifth and thirtieth part of its 
Weight of this fait, together with other magnefian 
Or calcareous falts in much fmaller quantities* In k: 
Hot countries the water is evaporated fo as to afford 
the fait in cryftals, by mere expofure to the aftion 

of 
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o£ the fun and wind^ in large recepkdes^ formed in 
the ground near the fea-fide, and into which the 

L water can be admitted at the tide of flood. In the 
fouth of France^ and other parts of the worlds they 
coUe£fc and dry the fea-fand, from which a fixong 
brine is afterwards obtained, by paffing fuch a 
quantity of water through it, as is merely fufficient 

M to diflblve the fait that adheres to the grains. The 
intenfity of cold in northern countries is alio made 
ufe of for this purpofe, where the fea-water being 
expofed to freeze, the ice is found to confift 
almoft entirely of frefh water, and confequendy, 
upon being taken out, leaves the brine much 

N ftronger. In thefe laft-mentioned cafes, as well 

■ 

as in more temperate climates, the cryftals are 
obtained by boiling the brine in proper vejQTels over 
the fire. 

o If the vitriolic acid be poured on fea-falt, it 
combines with the alkali (143, c) while the marine 
acid flies oflF in the form of marine acid air. This 
air is colourlefs, and pcrmanendy elaftic when con- 
fined by mercury, but has a ftrong tendency to 
unite with water. When it efcapes into the atmo- 
fphere it has the appearance of white fumes, on 
account of the moifture it meets with, and unites 

p to. The common marine acid confifts of water im- 
pregnated with this air, which it readily gives out 
on the application of heat. 

(^ In the method formerly ufcd of procuring the ma- 
rine acid by diftillation from common fait with the 
vitriolic acid, much of the marine acid air was loft, 

for 
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for want of water to combine with. This is now 
remedied, by applying a fecond receiver *, contain- 
ing water, into which a tube, proceeding from the 
upper part of the firft receiver, is immerfed. The 
marine acid air that efcapes uncondenfed from the 
firft receiver combines with the water in the fecond, 
and converts it into ilrong marine acid. 

The marine acid of the (hops is of a light yel- r 
low colour, and continually emits fufFocating fumes. 
The colour, however, is not effential to it, but arifes 
from the folution of fome impurities in the common 
procefs for making it. 

Black manganefc is the calx of a femime- s 

tal, (170, a) which has a very ftrong tendency 

, to combine with phlogifton. If four ounces of 

concentrated marine acid, wirii one ounce of this 

calx, be put into a tubulated retort, to which the 

apparatus of receivers ufed ( 1 90, oj) in diftilling 

the marine acid has been previoufly adapted, yellow 

vapours are abundantly difengaged, at firft without 

the afliftance of fire, and afterwards by means of 

Jheat. The water in the fecond receiver becomes 

impregnated with thefe fumes, of which, however, 

it abforbs a very fmall quantity. If the tempera- 

"ture be near freezing, the elaftic fluid, after faturat- 

ing the water, takes a concrete foni), and gradually* 

fubfides to the bottom : but a very flight degree of 

warmth raifes this fubftance in the form of bubbles, 

which endeavour to efcape. 

This vapour, combining with water, and having t 

* I'he invention of Mr. Woulte. 

iikevv'ife 
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likewife a powerful aftion on mercuiy^ has not bee& 
-confined To as to retain its elaflic ilatc. 

u It is found to confift of the marine acid ♦, deprived 
of one of its conftituent pacts, namely, phlogifton. 
It attacks phlogiftic bodies with great vehemence, 
and diffolvcs all the metals direftly, affording the 
fame falts as the entire acid does, but without dif- 
engaging any inflammable ain It whitens vcgc- . 
tables and wax, and produces in many fubftances 
changes fimilar to fuch as arife from long expofure 
to air. When united to water, its tafte is auftcrej 
but riot acid ; but it regains all the properties of the 
marine acid when again combined with phlogifton* 

v A mixture of the nitrous and marine acids, or 
of the nitrous acid with common fait, or fal ammo- 
niac, is called aqua-regia, from its property of 

• diflblving gold. The power of this folvent on 
gold appears to confift in the marine acid, which 
is dcphlogifticated by the nitrous, and is found 
alone in the cryftals of fait produced in the 
combination of metallic calx and acid. There 
feems, however, to be fome other circumftance 
concerned here; for it is not eafy to fay why the 
nitrous acid alone cannot feize the gold, if its affinity 
xo phlogifton be greater than that of the -dephlo- 
gifticated marine acid ; and if it were not fb, how 
could it deprive this laft acid of its phlogifton ? 

w Salited mineral alkali, or common fait, contains 
thirty-three parts acid, fifty alkali, and feventeen 

* According to Schcele ; but Berthollet has rendered it pro- 
bible, that it confifts of dcphlogifticated air, combined with 
the common marine add.. 

water. 
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i^tcr. Its cryftals are quadranguhr, and do hot 
ddiquefce in the air. 

Salited vegetable alkali, or fait of Sylvius, con- : 
tains thirty parts acid, fixty-three vegetable alkali, 
and {even water. It does not deliquefce in the air, 
and is foluble in about three times its weight of 
'Water. 

Salited volatile alkali, or common fal ammoniac, 1 
contains fifty-two parts acid, forty volatile alkali, 
and eight water. It diflblves in about three and a 
half times its weight of water, at the temperature of 
6o^. By heat it fublimes unaltered. 

Salited lime, or marine felenite, contains about 
forty-two parts acid, thirty-eight earth,'4nd twenty 
water. It deliquefces in the air. 

Salited ponderous earth is little known ^ • its folu- z 
tion affords a valuable method of purifying the 
marine acid from the vitriolic, with which it is often 
adulterated. For, upon the addition of this to the 
marine acid under examination, the vitriolic acid, 
if prefent, feizes the ponderous earth, and forms 
the vitriolated ponderous earth, which being nearly 
infoluble, falls to the bottoip*. The exad quan- 
tity neceflary to be added is known by trials on 
finall portions of the acid. 

Salited magnefia, or marine Epfom, is a deli- a 
quefcent fait, found in greater quantity in the water 
of the fca than any other, except common fait. 

Salited clay is a deliquefcent fait, a(hd may con- b 
tain 174 parts /acid> to 100 of earth. 

* Withering in Philof. Tranf. Part II. for 1784. 

Vql. II. O The 



Z94 ACIDS OF SPAR» 

c The marine acid a£ts dire&ly on^ and combines 
with tin, lead, copper, iron, zinc, and bifmuth, anci 
with the other metals, by proper management. ; 
forming falts, poflfefled of various ptf)pertics. 



CHAP. XIL 

CONCERNING THE ACIDS OP FLUOR, OF BORAX- 
OF AMBER, AND OF PHOSPHORUS. 

p T7USIBLE fpar or fluor, better known i 
-*• England by the name of Derby (hire fpar, 
confifts of a peculiar acid, called the fparry acid 
combined with calcareous earth and water. This 
fpar is either tranfparent or opake, of different 
colours, and generally has a cubic, rhomboidal, 
or polygonal figure. Moft fpecimens, efpecially 
the coloured, have the property of becortiing phof- 
phorefcent, or emitting light when heated far below 
ignition, as may be done by laying them on a 
hot iron; but they lofe this property by being 
made red hot. It does not fttike fire with fteel, 
nor efFervefce with acids. The calcareous earth is 
fifty-feven parts in the hundred, and the reft acid 
and water. 

E If an equal weight of concentrated pure colour- 
lefs vitriolic acid be poured, by means of a tube 
on pulverized fluor, in a retort, a decompofition 
of die fluor takes place with heat. The vitriolic 
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add feizes the calcareous earth, and the. fluor acid 
cfcapes in the forni of air, of a moft penetrating 
ftnell, which may be confined by mercury, but 
unites with water in very confiderable quantity. If f 
the acid be wanted in a fluid ftate, it is neceflary 
to adapt a receiver, containing water, about ten or 
twelve times the weight of the fpar. This acid, g 
elpecially when heated, and in the aerial form, dif- 
folves, and retains filiceous earth, which it takes 
from the glafs-veffels during the diftillation, foon 
corroding them through, if they be not very thick. 
The fluor acid air depofits fome of this earth by 
.cooling J and the greateft part in the form of a 
white cruft on the furface of water, when it com- 
bines with that fluid.,,. 

The faline combinations formed by uniting this h 
acid with alkali, earths, or metallic calces, clearly 
fliew that it is. a peculiar acid, as diflferent in its 
properties from all other acids as they are from 
each other. 

Borax is a fait, imported from the Eaft Indies, r 
in the foi'm of hexangular, or irregularly figured 
cryftals, of a dull white, or greenifli colour, and 
greafy to the touch. In this ftate it is called 
tincal. It is dug out of die earth in the king- 
dom of Thibet, in a cryftallized ftate. The im- 
purities are feparated by folution, filtration, and 
cryftallization. 

This fait requires about eighteen times its k 
weight of water to diflfolvc it in the temperature 
of 6o^\ When heated, it iwclls up, lofes its water 
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of cry (tall ization, and runs into a kind of glai9> 
which may be again diffolved in water.. It is 
chiefly ufed as. a flux for foldering metals. 

X. The component parts of purified borax are, 
fevenceen parts of mineral alkali, thirty-four of 
a peculiar acid called the acid of borax, or feda- 
cive fait, aqd forty-fevcn of water. In this com* 
bination not more than about fiye parts of the 
alkali are really faturated, for which reafon borax 
in many cafes adts as an alkali. 

M If borax be diflblved to faturation in water, and 
the vitriolic acid be added, this laft will combine. 
with the alkali, and difengage the fedative fait, 
which will fwim at the furfac'e, in the form of 
white fcales. The filtered liquor will yield vitrio- 
lated mineral alkali, or Glauber's fait. This acid is 
alfo obtained by fublimation ; the alkaline' bafe 
being feparated by the previous addition of Ibme 
ilronger acid. 

V The acid of borax requires fifty times its weight 
of water to hold it in folution. Its acid properties 
when uncombined are but weakly manifefted. A 
moderate heat melts it with lefs intumefcence than 
borax, but the glafs fo formed is again foluble in 
water. This fixed acid may be ufed for the fame 
purpofe as borax, and .is a mofl: ufeful flux in ex- 
periments to be made with the blow-pipe. It has 
been found uncombined in the waters of certain 
lakes in Tufcany. 

o Amber is a fubftance dug out of the earth 
more abundantly in the Prufliaa dominions than 

elfewhere. 
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dfcwhere. The moft valuable fpecimens are of 
a clear tranfparent yellow. Its origin is pro- 
bably from the vegetable kingdom, as it is almoll 

always found in the neighbourhood of foflil wood. 
By diftillation an acetous liquor, an oil, and a 
concrete acid, are obtained ; which laft may be 
fbmewhat purified by folution and cryftallization. 
The combinations of this with alkalis, earths, or 

metals, denote it to be a peculi^ acid. 

Phofphorus (170, v) till lately has been ob- 
tained by diftillation from urine only, the water, 
and other more volatile parts, having been prcvi- 
oufly diffipated by heat in an open veffel. To- 
wards the end of this - procefs, which requires a 
ftrong fire of feverai hours continuance, the 
phofphorus comes over, confifting of phlogifton, 
combined with the phofphoric acid, and pafles 
into the receiver, containing water. But it is r 
now known, that the phofphoric acid exifts not 
only in all the folid parts of animals as well as 
in urine, but alfo in vegetables, and is found in 
the mineral kingdom, combined with lead, and 
with iron. The fixed parts of the bones of ani- s 
nials is found to contain this acid, united to calca- 
reous earth. 

If the bones of animals be burned in the fire-till t 
^hey have become white, they are in a proper ftate to 
afford the phofphoric acid. Three parts by weight 
^f this matter in powder may be gradually added 
^ two parts of concentrated vitriolic acid, and 
afterwards about five parts of water. This mixture 

O 3 muft 
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muft be left to digeft for a day, water being added 
Qccafionally to fupply what evaporates, at the ejid 
of which time more water muft be plentifully added, 
and the liquid ftrained through a fine fieve. What 
remains in the fieve is gypfum, or vitriolated linnet 
The liquor, by evaporation to drynefs, leaves a 
refidue, confifting in a great meafure of the phof- 
phoric acid, which has been difengaged from it* 
calcareous bafe by the vitriolic acid. This refidue, 
urged by a ftrong heat, flows into a kind of glafs 
of a whitifh femiopake appearance. It is no^ 
however, ncceflary, for the making of phofpho- 
rus, to caiTy the evaporation farther than till the 
matter has acquired the confiftence of fyrup ; which 
may be conveniently performed in a copper- vcffeK 

u Equal parts of this liquid, and of charcoal in 
powder, mixed together, afford phofphorusby diftil- 
lation in a good earthen retort (132, c). The re- 
ceiver muft be half filled with water, and muft 
have a fmall hole- pierced in its upper part, to 
let the elaftic vapors efcape 5 or, inftead of a re- 
ceiver, the neck of the retort may fimply be 
plunged in w^ter contained in an open bafon. When 
the retort is red-hot, the phofphorus will enter 
the receiver in drops, which ceafing, the whole appa- 
ratus muft be fuffered to cool. The phofphorus, 
-v^hicli is in fmall maflcs, refembling reddifli wax, 
or tallow, muft be prefled together under water, 
particular care being taken that none remains ftick- 
ing to the hands or under the nails, as a fmall 
particle, taking fire when brought into the air, 

in 



PHOSPHORUS. 199 

in fuch a cafe, might be attended with very dif- 
agreeable confequences. It may be moulded into 
fticks, by putting the pieces under water into 
ftnall upright tubes of glafs, rather conical, and 
ftopped at the lower end; and on heating the 
water, the pholphorus will melt and take the de- 
fired forms. The impurities that rife to the up- 
per ends of the tubes, may be cut off when takea 
out of the water, which muft not be done till all is 
cool 5 or, it may be had exceedingly pure by drain- 
ing it through a leather bag immerfed in hot water. 
- But the beft method of clearing phofphorus from 
the impurities of the firft diftillation is to diftil it 
^gain with a very gentle heat. 

To prevent the decompofition of phofphorus, it v 
muft be kept in a bottle with water fufficient to 
cover it. 

The phofphoric acid may be had combined with w 
water, by placing fticks of folid phofphorus in a 
glafs funnel,' inferted in the neckr of a bottle con- 
taining water. A piece of glafs tube, inferted 
in the neck of the funnel, will prevent the fticks 
from falling through. In this fituation, if the 
temperature br moderately warm, the phofphorus 
will be gradually decompofed by the flow com-* 
buftion (170, y), and afford its acid to the water. 
The acid thus obtained is phlogifticated, but be- 
comes gradually lefs fo by expofure to the air. 

Heat drives off the water from the phofphoric x 
acid, fo as to convert it into a folid tranfparent 
fubftance of an acid tafte, which dcliquefces by 
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ajttradting the moifture of the atmofphere, and dif^ 
folves in water, at the fame time producing heat. 

When urine is brought to the confiftence o 
fyrup by evaporation, a falc is obtained in cryftals^^ 
called fufible fait of urine, or microcofmic fait, afC= 
firft vitiated by an addition of extra&ive matter*" 
and common fait ; but which nwy be purified by — 
fubfequent fojution, filtration, and cryftallization. 
This fait confifts of the phoff)horic acid, combined 
in part with the volatile alkali, and in part with the 
mineral alkali. If microcofmic fait be expofed to 
heat, the volatile alkali is driven off, while the 
phofphoric acid and mineral alkali remain fixed, and 
fufe together into a glafs that affords phofphorus 
by diftillation with charcoal (198, u.) 

The mineral alkali in this glafs prevents a confi* 
derable portion of the acid from being converted 
into phofphorus, forming with it a compound 
which has the properties of an acid. In this ftatc 
it is convertible into glafs by the aftion of heat, 
and efflorefces by .expofurc to the atmolphere. It 
is folub^e in lefs than twice its weight of hot water, 
ajid cryftallizes by cooling. Bones affprd it as wcU 
as urine. 
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CHAP. XIIL 

OP THE ACIDS OF SUGAR, OF SORREL, OF LE* 
MONS, OF BENZOIN, OF MILK, OF SUGAJR OF 
MftK, OF ANTS, OF FAT, AND OF PRUSSIAN 
BLUE. 
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UGAR is a falinc fubftance, obtained from a 
moft, if not all, nutritive vegetable lubftances, 
but moft plentifully, or at Icaft moft ufually, from 
the fugar-cane, which is cultivated in the warmer 
climates fpr that purpofe. In the fettlenrients of 
the Europeans the cane is crulhed, by palfing it be* 
tween wooden rollers, which comprefs it to fuch 
a degree, that the vegetable fibres pafs through, 
leaving moft of the juices behind, which run into 
veficls, or troughs, properly placed to receive and 
conduft them to the boilers. The addition of 
alkaline ley and lime-water is neecflary to the 
cryftallization of the fugar, which takes place in 
confequence of the evaporation by boiling. Re- 
peated folutions, and boiling in lime-water and 
ley, with the addition of oxes blood, or whites of 
eggs, for the purpofe of feparating the impuri- 
ties in the form of ikum, render the fugar more 
white and pure. The inlpiflated liquor, contain- 
ing the fugar, is poured into conical earthen 
moulds, where it cryftallizes, and the treacle is 
let out, by drawing a phig ^^om aa aperture in the 
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bottom. A ftill greater degree of purification k 
obtained by fpreading an argillaceous pafte over 
the top of the fugar, great part of the remaining 
treacle being carried down \ by the moifture that 
flowly penetrates the mafs. 

B A very flow cooling of a folution of fugar, in 
a heated room, caufes it to flioot into large cryftals, 
called fugar candy. In other cafes the cryftals 
are fmall and irregular. 

c; The analyfis of this fait is yet imperfeft. By 

diftillation alone it affords acid and an empyreu- 

matic oil, leaving a confiderable refidue.i The 

fait called acid of fugar, is, - however, obtained 

. by another procefs. 

D Let three ounces of ftrong nitrous acid, whofe 
fpecific gravity is nearly 1.567, be mixed in a 
tubulated retort, with one ounce of the finefl fugar 
in powder, to which, after the folution is com- 
pleted, and the moft phlogiflicated part of the 
nitrous acid flown off, let a receiver be adapted) 
and the liquid gently boiled. As foon as it has 
acquired a dark brown colour, three ounces more 
of nitrous acid muft be added, and the boiling 
continued till the coloured fmoking acid has en- 
tirely- clifappearcd. Tlie liquor in the retort muft 
then be poured out into a larger vefTel, and will 
by cooling afPjrd fmall quadrilateral cryftals, which, 
collefted and dried on bibulous paper, weigh 109 
grains. The remaining lixivium boiled again in 
the retort, with two ounces of nitrous acid, affords 
43 grains of cryftals by cooling. Nitrous acid, 
'7 in 
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in the whole amounting to two ounces, being ad- 
ded, by fmall portions at a time, to the glutinous 
liquid remaining from the laft cryftals, and then 
evaporated to drynefs, a faline mafs is obtained, 
which contains about fifteen grains of cryftals. All 
thefc produits, but more particularly the laft, re- 
iquire to be depurated by repeated folutions and 
cryftallizations in pure water. 

Neither the quantities nor the ftrength of the m 
iiitrous acid ufcd in pn)curing thcfe cryftals need be 
jiicely attenckd to s but the quantities obtaio/ed will 
be confiderably diminifhed, if the boiling be con- 
tinued after the vapors have difappcared. 

It is conclifded that in this procefs the nitrous f 
acid does nothing more than combine with, and 
carry off, the oily part of the fug^r, by that tneans 
leaving the acid dilengaged. Thefe ceyftals are 
therefore called the acid of fugar, or faccharine 
icid. They have an exceedingly piingent tafte, 
but excite an agreeable fenfation on the tongue, 
when diluted with water. Vegetable blues, indigo, 
e^^cepted, are reddened by this acid, and it power- 
fully attacks and combines with alkalis, earths, and 
various metals, forming compounds that fufficient- 
ly diftinguifh it from every other acid. Boiling 
water diffolves its own weight of the cryftals, but 
at 60^ it will take up no more than half that 
quantity. 

The faccharine acid efflorefces in a heat greater a 
fhan 60^. It may be fublimed by fire, though not 
without altei-ation. Repeated fublimation deftroys 
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it ; during which a great quantity of aerial acid 
and inflammable air are extricated. 

H The affinity of this acid to lime is greater than 
that of any other acid j the compound thus formed 
is infoluble in water, and can only be decompofed 
by fire. Hence the ufe of lime in caufing fqgar 
to cryftallize. The native juice has a fuper- 
abundance of acid that prevents cryftallization ; 
but this impediment is removed by the lime, which 
combining with it, is either carried off in the 

I jfkum, or finks to the bottom. Hence alfo the 
faccharine acid affords one of the niceft and moft 
certain tefts to difcover lime in waters. 

K Salt of forrel confifts of the vegetable alkali 
fuperfaturated with a peculiar acid. If the abun- 
dant acid be faturated with volatile alkali, and a 
nitrous folution of ponderous earth be added, de- 
compoGtions and new combinations take place by 
double affinity. The nitrous acid feizes the vo- 
latile alkali, while the acid of forrel, uniting with 
the ponderous earth, forms a compound, that, on 
account of its difficulty of folution, falls to the 
bottom. The fediment being wafhed, and placed 
in pure water, may be again decompofed by vi- 
triolic acid, which forms marmor metallicum 
(175, n) with the earth. The difengaged acid 
of forrel may be poured off. It is deftrudlible by 
fire. 

L If the juice of lemon be boiled to the confift- 
ence of fyrup, the vapors that fly off are not at 
all acid, but the rcfidue will not afford cryfl:al3. 

A quan- 
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A. quantity of pulverized dMtlk being added to 
(atur^tion to boiling lemon-juice, combinea with 
the diiengaged acid, and forms a compound, which, 
(lecauie very fparingly foluble in water, is precipi- 
tated. The faponaceous and mucilaginous matter 
of the juice remains in the fupernatant fluid, and 
muft be decanted from the precipitate, lukewarm 
svater being repeatedly poured on this laft till it 
connes ofiF colourlefs. To decompofe the precipi- 
tate, ftrong oil of vitriol, equal in weight to the 
chalk made ufe of, but diluted with ten times its 
bulk of water, muft be added. The mixture, after 
a few minutes boiling, will contain the vitriolic 
acid united to the lime in the form of gypfum, 
(174, m) and the acid of lemon difengagcd in 
the water. Filtration or decantation will fepa- 
rate the gypfum, and the acid of lemon may be 
obtained in cryftals by evaporating the water. The 
cryftallization, however, will not take place, if, for 
ivant of ftrength, or a due quantity of vitriolic 
acid, there be left any lime in the folution. This may 
be known by adding a fmall quantity of vitriolic 
9cid to the folution when evaporated to the confift- 
cnce of thin fyrup. If any precipitation takes 
place, more vitriolic acid muft be added j and this 
laft acid, if fuperfluous in quantity, will be found 
in the refiduum after cryftallization. The acid of m 
lemonSj by digeftion with fpirit of wine and water, 
is converted into vinegar. 
The ftppnaccous matter, decanted off after the n 

k to thelemon juice, may be con- 
a verted 
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verted into acid of fiiKar by treatment with nitre 

acid, but the acid of lemons cannot. It therefc 

appears, that lennons contain two acids, liamci 

the acid of lemons, difengagcd, and the acid 

fugar, in combination with oilj^ or mucilagino 

matter. Befides this, a imall quantity of veg 

table alkali is found, which fhews itfelf by fon 

ing tartar, when the tartareous acid is dropped -ir 

lemon juice, and fufFered to ftand fomc days. 

p The fragrant refin, called benzoin, or benjam 

affords a concrete acid in the form of flender f\ 

culae, by fublimation, either in clofed vefTels, or 

adapting a long paper-funnel to an earthen-p 

containing the benzoin in fufion over the fire. T 

acid may be obtained in a ftate of greater pui 

by careful boiling in powder with lime-water. 1 

lime unites with the acid ; and upon the addit 

of marine acid, the acid of benzoin which is fcarc 

foliible in cold water, falls to the bottom, while 

muriatcd lime remains in folution. The acid 

benzoin is deftructible bv hear, and when fet 

fire continues to burn with a bright yellow fla 

It is readily foluble in ardent fpirit, even in the cc 

Q^ Milk in a ftiort time grows four and thick d 

ing fummer. By filtration and evaporation 

curds may be feparated, and the whey is found 

contain an eflential fait, animal earth, or ph 

phorated lime, (197, s) fugar of milk, a fn 

portion of falited vegetable alkali, (193, x) i 

fome mucilaginous matter. The whey being eva] 

rnted to one. eighth, for the more efFeftual fepa 

t 
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tion of the Curd, and then flraincd ; the acid is to 
be faturated with lime. The phofphorated lime is 
by this means precipitated/ becaufe deprived of the 
cxcefs of acid that before rendered it foluble, but 
the acid of milk, forming a foluble compound with 
the lime, ftill remains fufpended: the former is 
therefore feparable by filtration. A folution of 
the acid of fugar being added, feizes the lime, 
(204, h) and leaves the acid of milk again un- 
combined. Spirit of wine diflblves this acid, 
but none of .the other fubftances that remain in the 
whey. Evaporate, the water, which would impede 
the adtion of the fpirit by diluting it; and when the 
mafs is of the confiltence of honey, add the fpi- 
rit. To this acid folution, after filtering, add pure 
water. Diftillation will carry off the fpirit, and 
leave in the retort pure acid of milk, dilTolved in 
water. ' The acid of milk yields no cryftals, and 
when evaporated to drynefs, deliquefccs again. Ic 
is deftruftible by fire, affording water, a weak acid, 
aerial acid, inflammable air, and coal. It exceeds 
vinegar in attra6tive power, and appears to be an 
incomplete vinegar, for want of a fufficienr quantity 
of ardent fpirit. For, if a fmall proportion of r 
ardent fpirit be added to milk, the fermentation 
becomes more perfeft, and vinegar is produced 
inftead of this acid : and, in addition to this, the s 
acid of milk, with the addition of ardent fpirit, is 
converted into vinegar after a month's digeftion. 

By evaporating whey to the confiftence of fyrup, t 
a fweet fait is obtained in cryflals, called fugar of 

milk, 
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milk^ which may be purified by fubfequcnt folti- 
tion and cryftallization in water. In fimple diftil- 
lation its produfts are nearly the fame as thoie of 
lugar; but when treated with nitrous acid (201, d) 
it affords .fifteen and one -half parts in the hundred 
of faccharine acid, and about twenty-three and a 
half of another acid, only found in fugar of milb 
This laft is in the form of a white powder. Sixty 
parts of boiling water diflblve one of this acid, and, 
on cooling, about one-fourth part of the powder 
feparates in the form of very fmall cryftals. It is 
decompofed by fire. 

V When an ant-hill is ftirrcd with a ftick, the 
enraged infeds emit an acid, which may be per- 
ceived to b«- fucha both from its fmell and taftc. 
Water or ardent fpirit, in which they are agitated, 
becomes acid. In the procefs with fpirit, part of 
the acid arifes in diftillation with the fpirit, but the 
greater part remains united with the phlegm in the 
retort. Frefh ants afford by diftillation, without 
addition near half their weight of acid. This, 
like all the acids of vegetables, is refolvable by heat 
into aerial acid, and inflammable air. 

V The acid of fat is obtained by repeated diftilla- 
tions of that fubftance. 

w Pruflian blue is a beautiful pigment, well known 
in the arts. It is produced by the union of calx of 
iron, with a peculiar acid. The procefs for making 
it is as follows ; Calcine equal parts of vegetabJe 
fixed alkali, and dried bullocks blood, till ic ceafes 
to emit either flame or fmok^ ; then raife the fire 

fa 
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fo as to give the mafs a low red heat. Throw 
this matter red-hot into as many quarts of water as 
there were pounds of t;he original mixture, and boil 
it for half an hour. Decant this liquid, and wafh 
the coaly rcfidue with more water, till it comes off 
almoft infipid. Add this laft water to the former^ 
and boil the whole till it is again reduced to the 
former number of quarts. This is the lixivium x 
fanguinis, or pruflian alkali ; which, if added in 
proper quantity to a folution of iron, precipitates 
it partly in the form of a calx, and partly in the 
form of pruflian blue. The marine acid being 
poured on this precipitate after edulcoration, dif- 
folves the calx, and leaves the pruflian blue much 
purer. The method of combining the alkali with 
the pruflian acid by calcination does not faturate 
the whole; for which reafon part of the iron is 
thrown down in a calciform ft ate by that portion of 
the alkali which affords no pruflian acid. But for V 
chemical purpofcs the pruffian ley is produced by 
boiling the alkali in pruflian blue ready formed* 
The calx of iron is thus deprived of the pruflian 
acid by the alkali, to which it has a greater affinity, 
and which -it only quits when there is another acid 
prefent to unite with the alkali, as in the juft men- 
tioned inftance of the folution of iron, where a 
double afiinity takes place. The pruflian alkali % 
prepared in either way contains fome iron. It 
can be had pure in no other way than by direftly 
combining the pure pruffian acid with a pure 

I V«fcIIi P Pruffian 
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A PrufTian . alkali^ boiled in a retort^ with weak 
vitriolic acid^ emits thepruflian acid in an aerial 
inflammable form, which may be abforbed by 
water placed in the receiver. But as a portion of 
vitriolic acid comes over likewife, a fecond diftil- 
lation is neceffary, with the addition of chalk. 
The vitriolic acid by this means forming gypfum, 
is detained, while the pruffian acid paffes over 
totally, before one-fourth of the water is diftilled 
off. It is not therefore neceffary to continue the 
diftillation beyond that period. 
B This acid is found to confift of aerial acid, vola- 
tile alkali and phlogifton. If equal parts of 
pulverized charcoal and vegetable alkali be made 
red-hot for a'quarter of an hour in a crucible, and 
fome fal ammoniac, in fmall pieces, be then brifkly 
ftirred down into the mafs, the ammoniacal vapours 
will foon ceafe. The ignited matter being thrown 
into water, affords a lixivium equal to the bcft that 
is made with blood. 
c A folution of the faturated pruffian alkali is a 
valuable precipitant for difcovering iron in liquids . 
no other fubftance forming pruffian blue. 
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C H A P. XIV. 

0> FJERMElfTATIO^J, AND THE AERIAL, T-^^JA- 

REOUS AND ACETOUS ACIDS. 

WHEN animal or vegetable fubftances have o 
their organization by any means fo far im- 
paired as to be no longer capable of performing 
the offices to which they were adapted, life ceafes, 
and, unlefs the temperature and drinefs of the fur- 
rounding medium be.fuch as either quickly to eva- 
porate all the moifture, and more volatile parts, or 
to fix the whole mafs by congelation, certain che- 
mical^roceffes take place Ipontaneoufly, by means 
of which both the fluid and folid parts lofe their 
former arrangement and compofition> at the fame 
time that new combinations are formed. This aft e 
of change is called fermentation, and is properly 
diftinguifhed into three flages, namely, the vinous 
of fpirituous, the acetous, and the putrefaftive fer- 
mentations. 

It is generally underftood, that the vinous fer- f 
mentation does ilot take place except where fugar is 
prefent. The temperature moft favourable to this 
fermentation is between thirty-fix and ninety ^de- 
grfees; and the principal phenomena are thefe. 
"The liquor becomes opake, and warm. Aerial 
acid rifes in minute bubbles from all parts. Muci- 
lage is feparated : part fubfiding to the bottom. 

Pa and ■ 
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and part being carried to the top by the fixed 
air. For a certain time thefe appearances increafe^ 
but afterwards diminifh^ and at length totally 
ceafe; the fluid has then a pungent fpirituous 
tafte, inftead of the fweetnefs it had l^fore: its. 
fpecific gravity is confiderably lefs -, and it afibrds 

H ardent fpirit by diftillation. The quantity of 
ardent fpirit afforded by any fermented liquid is 
thought * to be in proportion to the diminution 
its fpecific gravity undergoes by fermentation; 
whether this be true or no, has not yet been 
proved by experiments; but it is highly pro- 
bable tha( an attention to xhis diminution will 
afford the manufadurer fome method of eftimat* 
jng the fbrength of beer, wine, and other liquors- 
of the like nature. 

X If the liquid in this date be confined in clofe 
veffcls, the fermentation continues, but with ex- 
treme flownefs; an acid fait, called tartar^ is 
depofited, and the tafte of the liquor becomes 
milder and more agreeable. 

K But if the fermentative procefs be fufiercd to 
go on in open vefTels, more eipecially if the tem- 
perature be raifed to 90^, the fecond ftage, or 
acetous fermentation, comes on, air is emitted, 
the mals grows warm, and mucilage is depofited : 
the inteftine motion at length ceafes, and the 
liquid becomes clear : it is then vinegar, and may 
be had purer by diftillation. Ardent fpirit is no 

* P.ichardfon on Brewing. London, 1784^ 
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longer found in the liquid, but the vinegar, when 
fiifficiently concentrated, is itfelf inflammable. 

The crude vinegar may be kept in well clofed l 
vefTels; but if it be fufFered to continue in the 
open veffcls, it gradually lofes its acidity, becomes 
vifcid and foul ; emits air ; ftinks i volatile alkali 
flies off; an earthy fediment is depofited, and the re- 
maining liquid is mere water. This is the third ftage. 

The three ftages of fermentation are never in- m 
verted in their order ; that is to fay, bodies that 
have paffed the fpirituous fermentation proceed to 
the acetous, and afterwards to the putrefaftive pro- 
cefs, and cannot again be fubjefted to either, after 
pafiing it. Bodies that begin to be deflroyed by 
the acetous fermentation proceed afterwards to 
the putrefadtive, but are incapable of the vinOus 
procefs. And fuch bodies as immediately putrefy 
cannot be made to undergo either of the other 
ftages. Some are of opinion that all vegetable or K 
animal bodies, which are dellroyed by fpontaneouft 
decompofition, undergo the complete fermenta- 
tive procefs, but that the duration of one or more 
of the three ftages is too fliort to admit of their 
being properly diftinguifhed by obfervation. 

The aerial acid, or fixed air, is not only pro- o 
duced in fermentation, but is found in mines, 
caverns, or wells, or combined with water or 
earths (155, f, g. 162, b), and is befides produced 
in various chemical procefTes. Its fpecific gravity 
being about one and a half time that of atmof> 
pherical air, caufes it to lodge in the lower parts 
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of mines, where it is called choke damp. Its 
prefence is firft obferved by the extinftion or im- 
perfeft burning of the lights of the miners. Pure 
fixed air is inftantly fatal to animals that breathe 

> it. The atmofphere always contains fome of this 
acid. Lime-water is the niceft t^ft for difcovcring 
it; the lime being rendered mild and precipi- 
tated (i6i, z). The immenfe quantity of this 
air, which is difcharged by the vinous fermenta- 
tion in breweries, affords opportunities of making 
the more obvious experiments in a very eafy 
and ftriking manner. For the ftratum of air that 
covers the fermenting liquor is about ijpn or twelve 
inches deep, or more, accordingly as the hori-? 
zontal feftion of the veffel is higher above the fur- 
face of the liquor. Candles plunged in this body 
of air are inftantly extinguifhed, and the fmoke 
remaining in the fixed air renders its furface vi- 
fible. Agitation throws it into waves. Water in 
a difh, immerfed in the fix^d air, and ftirred brifk- 
iy, foon receives a ftrong impregnation and lively 
tafte. This aerial fluid may be dipped into, and 
brought out in a jar, like any other fluid vyhich 
is denfer than air, and does not readily mix with 

Q^it. Nothing can be more Angular than the expe- 
riment^ made by pouring this air put of one veffel 
into another. A capdle becoming immediately 
iextin£l j an animal expiring in a few feconds, or 
an alkali cryftallizing, when included in the veffel 
that receives the fixed air at the fame time that 
jche fight cannot pcrceiye ^ny thing that 15 poured. 

■ The 
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The tartar that feparates from wines during the r 
flow fermentation (212, i), confifts of the vege- 
table alkali united to a peculiar acid. When puri* 
fied by folution and cryftalliEation, it is in com- 
merce called cream of tartar. The acid in cream 
of tartar is more than fufficient to faturate the 
alkali. At a moderate temperature, this fait re- 
quires about one hundred and fifty parts of water 
for its folution. This fmall degree of folubility s 
in tartar is wonderful, when it is cOhfidefed that 
the acid,^ or the alkali fingly, or even the neutral 
fait produced by perfeft faturation of each, are very 
foluble. 

The moft convenient method of procuring the T 
acid of tartar is, to add dry powdered chalk, by 
fmall portions at a time, to one hundred parts of 
the fait diflblved in boiling water, in a tin veffel. 
About twenty-eight parts will be required before 
the efFervefcence ceafes. At this period the liquid 
muft be decanted, and will afford, by evaporation, 
fifty parts of the ptrfeftly neutral fait, called fo- 
luble tartar, or tartarized vegetable alkali. The 
remaining powder confifts of tartarized lime, and 
'weighs one hundred and three. On this waflied 
powder let thirty parts of the ftrongeft vitriolic 
acid, firft diluted with two hundred and feventy 
parts of water, be gradually poured. After twelve 
hours digeftion, the mixture being frequently ftir- 
red with a wooden ipatula, the clear liquor may be 
poured off, and confifts of the acid of tartar diffolvecj 
in water. The vitriolic acid remains combined 
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with the lime in the form of gypfum* To dit 
cover whether the folution contains any vitriolic 
acidj a drop or two of a weak iblution of fugar 
of lead (which CQi^fifts of the calx of lead uilited 
to vinegv) may be ^dded. A white fediipent falU 
of vitriolated lead, if th%t acid be prcfent, but if 
not, of tartarized lead. It may be ea(Uy known 
by the aflfufion of ftron^ vinegar ou the precipi- 
tate, which of die two acids enter into its compp*- 
fitiofi : for tartarized lead wi|| dif^ppear by folui- 
t}on, but vitriolated lead will not. If the gyp- 
fcous rcfidue contain any tartarisjed lime, it may 
be known by throwing a portion on hot coals^ 
in which cafe the powder will grow black, and 
emit a fmell of fpirit of tartar. After filtrationj^ 
and evaporation to the confidence of fyrup, the 
(qlution of tartareous acid affords cryftal^. The 
quantity of acid weighs thirty-four, when the 
evaporation is carried to drynefs. 

u Certain vegetables, that have not undergone 
fermentation, Jikewife contain the tartareous acid, v 

V By digeftion with water and ardent ipirit, this 
acid is converted into vinegar. In the fire it grows 

. black, and affords a fpongy coal, which contra6t|i 
much, and grows white by ignition. By diftilla- 
tion it affords phlegm, fcarcely acid, with fome 
oil, and leaver an earthy refidue, neither acid nor 
alkaline* It is not convertible into faccharine acid 
by treatment with nitrous acid, 

w Crude vinegar may be rendered much ftronger 
\>y expofing it to the froft, The water freezes 

alone. 
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!, and leaves the acid greatly concentrated s 
v^ater exceeding the acid that remains three 
►ur times in quantity, or more, according to 
intenfity of the cold. This procefs renders 
dnegar much lefs difpofed to the putrid fer- 
tation. For this laft purpofe, however, it may x 
if importance to obferve, that boiling for a 
: time, either prevents the putrid fermentation 
I coming on, or at leaft retards it very much* 
imon vinegar, after fuch boiling, will keep 
everal years*. 

y diftillation of crude vinegar the acid is ob- y 
!d in that ftate of purity in which it is called 
aicetous acid. It is then no longer fufceptible 
he putrid fermentation* Like the other acids^ 
its on alkalis, earths^ and metals, with which it 
is con^pounds diftinftive of its own peculiar 
ire, 

^he acetous acid may be had very ftrong by 2 
Ration from cryftals of verdigri^ which is a 
eofUiiling of copper combined with the acetous 
i, }t is thei) caJJ^d radical vinegar. 

• Scheele's EiTays, 
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OF THE ALKALIS. 



A "VTEITHER the vegetable jfij^ed alkali, nor 
-^r any of the falts containing it, are found in ' 
confiderable quantity in the mineral kingdom. 

B It is procured by burning vegetable fubftances in 
the open air, the fait being obtained from their*' 
afties by elixiviating them in water, and evapo- 
rating the clear folution to drynefs. The crude 
or unrefined alkali, procured from wood-^lhes, is 
called pot-afh. It is imported from the northern 
parts of Europe, where wood is cheap, and con* 
tains about half its weight of common fait in the 
ftatc in -which it is ufually retailed in' London. 
An addition made doubtlefs with a view to frau- 

c dulent profit^ Pot-afh may be rendered purer by 
Iblution in water and boiling. As the water eva- ' 
porates, the common fait will cryftallize and fub- -^ 
fide, and the lye may be poured off at various 
times. The greater part of any falts it may con- 
tain are thus feparated, after which the alkali 
may be dried, and placed on an inclined plane of 
glafs, in a damp place. The purefl part of the 
alkali will attradt the humidity of the air, and 
run off in a liquid form into any receptacle 
placed for that purpofe. 

D There is not, however, any method fufficiently 
eafy to render the fixed alkali of pot-alhpure enough 

for 
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for nice chemical purpofes, more efpecially as this 
f^lt may be had, without much trouble, from nitre 
or tartar. If the fined prifmatic nitre be de- b 
flagrated with charcoal (183, i) the acid flies off, 
and the alkali remains in a mild flare, and very 
pure^ For this purpofe the nitre muft be made 
' red hot, in a crucible much larger than is fuiE- 
cienf to contain it,, and a fmall quantity of grofsly 
powdered charcoal muft be added. The inflarrv 
mation inftantly takes place, and continues till all 
the charcoal is confumed. More coal muft then 
be added, and the fame repeated till no farther 
detonation happens ; care being taken to raife the 
heat towards the end of the procefs, fo as to keep 
the alkali in fufion, left it fhould cover and pro- 
te6t the remaining nitre from the contact of the 
cgal. This is called fixed nitre, though there is p 
np difference between the fpecimens of vegetable 
fixed alkali, when well prepared, whatever fub- 
je6t it may have been originally obtained from. 

The vegetable alkali of tartar is v8ry pure, and o 
preferred by chemifts to any other. The tartar is 
wrapped in wet brown paper, and the parcels are 
placed in beds or ftrata, alternately with beds of 
charcoal in a furnace. The whole is then fet on 
fire, and the fire continued till the blackening 
fmoke ceafes to rife. If the heat be too intenfe, 
the alkali will melt, and mix with the impuri- 
ties of the coal -, but when the procefs is well • 
conducted, the parcel^ of fait may be taken out 
entire. By eUxiviarion in pure water, with filtra- 
tion. 
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don, evaporation, drying, and calcining, for a 
cronfidcrablc time, with a low heat, the mild alkali 
is obtained very pure and white. 

H Equal parts of tartar and grofsly powdered 
nitre, detonated together, afford a w^ty good ve- 
getable alkali ; the acid of the tartv abounding 
with (liflicienc phlogifton to decompofe the nitre. 
When fmall quantities of this are prepared at 
once, it generally happens that the decoaipofi- 
tion is not entirely completed, fo that nitre and 
tartar remain mixed with the alkali; a circum* 
fiance of no confequence in the principal ufe to 
which this alkali is applied, namely, to bring 
earthy matters into fufion by fire* It is called 
white flux. 

1 For fome operations this mixture of nitre and 
tartar are made ufe of without previous detona^ 
tion. In this ftate it is called crude flux. 

K Two parts of tartar, and one of nitre being 
detonated together, produce an alkali abounding 
with tartar and coally matter. It is of ufe in 
fiich fufions as require phlogifl:on to be afforded, 
as in the fufion or reduftion of metals. It il 
called black or reducing flux. 

L The vegetable alkali attrafts the moifturc of the 
air, and does not cryfl:allize, unlefs combined with 
the aerial, or fome other acid. 

M The mineral fixed alkali exifts in vaft quantities 
in the common fait of the ocean, or fait fprings, or 
in rock fait (189, h.) It is fometimes found com- 
bined with the vitriolic acid in the form of Glau- 
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bet's fait (i74> ^•) On old walls it is found united - 
to fixed air and water ; in which ftate it is collected 
at the furface of the earth in many places in Afia 
aj)d Africa. Borax likewife contains it (196^ l)» 
The mineral alkali has not been procured from the u 
natiye falts containing it, the aerial excepted* by 
any proceis fuificiently cheap. It is obtained by o 
the incineration of certain plants of the kalikind^, 
growipg near the fea-fide. The crude mineral 
alkali in commerce is called foda, or barillia. It 
contains feveral neutral falts in fmall proportions. 
Repeated folution and cryftallization in water are 
ufe4. to purify it, as it is more foluble than the other 
falts that contaminate it, and confequently cryllal- 
lizes laft of all. For very nice purpofes the pu- p 
reft common fait may be decompofed by melting 
vnth calx of lead ; the acid combining with the lead, 
and leaving the alkali difengaged: or common fait <L 
m^ be decompofed by the addition of nitrous acid, 
which feizes the alkali, and forms quadrangular nitre. 
The nitre being deflagrated with charcoal, leaves 
the alkali difengaged. In either cafe, if common fait. 
or nitre remain in the alkali, they will be feparated 
by folution in water, and evaporation. 

The mineral alkali is ufually combined with R 
enough of fixed air to render it cryftallizable. Its 
cryftals contain above half their weight of water, 
which flies oflP by expofure to the air, leaving the 
fak in a dry white powder. This alkali, when 
deprived of fixed air, will not cryftallize, but, like 

the 
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the vegetable alkali, attracts humidity from the 
air, and becomes fluid. 

The vegetable and mineral alkalis have a very 
great refemblance to each -other in their proper- 
ties, but the eleftive attraftion of the former is, in 
generi^l, the moft powerful. Their combinations 
with acids have already been treated of. Their 
aftion on metals in the humid way is not confide- 
rable. The calces of feveral metals are foluble in 
alkalis by the dry/method, as are likewife all the 
.earths. Siliceous earths in particular, form, by 
fufion with alkalis, that beautiful produ6t of human 
induftry, glafs. Cauftic, or pure alkalis, unite with 
oily or fat fubftances, and form foap. 

The procefs for making glafs is fknple j but the 
praftice is by no means eafy. From one to two 
parts of alkali are mixed with two parts of vitri- 
liable earth, and the mixture calcined for a time in 
a heat not fufficient to convert it into glafs. By 
this management great part of the more volatile 
matters, that might caufe the melted mafs to froth 
and fwell, are difTipated. Thefe calcined mate- 
rials, called frit, are then melted into glafs by a 
ftronger heat ^ which,whenformed intoutenfils, is gra- 
dually cooled in an oven. This is called annealing. 
The imperfeftions of glafs are, opake fpots, bub- 
bles, veins, or a coloured tinge. Some glafs will 
change, or be corroded by the aftion of the air, or 
chemical menftriia. Such, in general, has too 
much alkali^ or has not been held long enough in 

fufion. 
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fofion. Some will crack by fmall changes of tem- 
perature, by wiping, or by the flight fcratches that 
an iron-inftrument may make, or that may be pro- 
duced by placing the utenfil on a table where a 
particle or two of fand may cafually lie. Thefc 
faults commonly arife from a want of fufEcient 
annealing, or the glafs being fufFered to grow too 
cold before it is carried to the annealing oven. 
The management of the heat is faid to be of great 
importance in this art. 

The art of making foap confifts in depriving the u 
alkali of the fixed air it may be combined with, 
and afterwards combining it with fome oily fub- 
ftance, which, in the manufaftories, is done by a 
gentle boiling. One part of quicklime, and two 
of foda, are boiled together for a fhort time, with 
twelve ^parts of water. The filtered lixivium h 
foap-lye, or a folution of cauftic alkali, and may 
be concentrated by heat. If it be concentrated till 
its fpecific gravity is about 1.375, or, which is the 
fame thing, till a- phial that can contain an ounce 
of water will hold one ounce feven penny-weights 
and a half of the lye, the foap may be made with- 
out boiling. One part of this lye muft be mixed 
with two of olive-oil in a glafs or ftone-ware vefTel. 
The mixture being flirred from time to time with 
a wooden fpatula, foon becomes thick and white, 
and in feven or eight days the combination is 
completed, and forms a very white and firm foap. 

The lye in large manufaftories is madenoftronger w 
than to float a nev/-Iaidegg, when the workmen begin 
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to form the mutture. To a part of the lye dihited 
Asy add an equal weight of oil, which is let on a 
gentle fire^ and agitated* When the mixture be- 
gins to unite, the reft of the lye is added, and the 
whole digefted by a gentle heat till die fixip h 
formed. If it be well made it is firm and whicr/ 
not iahjcdi to become moifl by expofure t6 thef 
air, and completely mixes with water, without 
exhibiting any drops of oil on the furface. Trial 
is made of it, and the requifite alterations arc ob-. 
tained by the addition either of oil or alkali. At 
the end of the boiling common fait is thrown in. 
A twofold efFc£t is hereby produced. The foap 
is feparated, becaufe not dilFufible in falt-wacer; 
and it is rendered harder by the com|dete feparation 
of vegetable alkali from it : for the vegetable alkali 
docs not make a firm foap ; and, as much of it as^ 
may be in the mixture, decompofes a portion of 
the common fait by ftronger affinity to its acid. 
The alkali of the decompofed common fait, namely, 
the mineral, unites therefore with that portion of 
the oil which would otherwife have remained in-* 
combination with the vegetable alkali. 

The cleanfing property of foap is well knowir^ 
^nd is to be attributed to its alkali, which wilt ren- 
der a fmall portion of oily matter, beyond what it is 
already united to, difilifiblc in water. Soap is eafily" 
prevented from mixing with water by any fait, 
except alkalis, and is therefore no contemptible 

teft of the purity of natural waters (i49> <>•) 
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Sal ammoniac, or falited volatile alkali, formerly t 
imported from Egypt, is now made 'm large quan- 
tities in Britain. The volatik alkali is obtained in 
an impure liquid ftate by diltillation from foot or 
bones, or any other fubftance that affords it. To 
this the vitriolic acid is added. The vitriolic am- 
moniac (174, l) thus produced, is then decompofed 
by common fait, by double affinity j the vitriolic 
acid combining with the mineral alkali, and the 
marine acid with the volatile alkali. The liquor 
therefore contains Glauber's fait, and fal ammoniac, 
which are fcparated by cryftallization, and the fal 
ammoniac is fublimed into cakes for fale. The 
cheapnefs of vitriolic acid and of common fait is 
the caufe why they are made ufe of inftead of the 
marine acid. 

The volatile alkali cannot be had abfolutely z 
difengaged from every other fubftance, except in 
the fbrni of air. By diftillation of fal amn^o- 
niac with lime, a folution of pure volatile alkali in 
water comes ovfir (144, d) which cannot be ren- 
dered dry for want of fufficient fixity in the fait. 
If chalk be ufed inftead of lime, the volatile alkali a 
receives more than its own weight of fixed air, and 
Comes over in a concrete ftate much lefs pungent 
than in the other procefs, though not fufficiently 
neutralized to prevent its exhibiting its alkaline 
properties very ftrongly (160, w.) 

Impure volatile alkali is purified by forming a 
ial ammoniac with the marine acid. Sal ammo- 
niac becomes very pure by a few fublimations, and 
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the volatile alkali being recovered again by, the 
procefs already defcribed, is found to be one and 
the fame fait, whatever may have been the fubje£t 
that originally afforded it, 

c In the diftillation of the cauftic volatile alkali^ 
(l44, d). an aeriform fluid is extricated, which 
confifts of the alkali, either pure or elfe combined 
with too fmall a quantity of water (145, d) to 
admit of condenfation into the fluid fl:ate. It may 
be confined by quickfilvcn With water it forms 
the cauftic volatile alkali, from which heat again 
expels it : with fixed air it forms the concrete vola- 
tile alkali j and with marine add air (190, o) it 
forms common fal ammoniac. When the ftrong 
cauftic volatile alkali is diftilled, it is therefore hccef- 
fary to annex the pneumatic apparatus with water to 
receive the alkaline air (190, q.) 

D The eledric fpark pafled through alkaline air 
produces inflammable air three times the bulk of 
the alkaline air, and when this is detonated with 
vital air, the refidue is phlogifticated air. Hence 
the volatile alkali is taken to confift of inflammable 
air and phlogifticated air. 

E The properties of volatile and fixed alkalis re- 
femble each other, but the eledlive attraftion of the 
latter is moft prevalent. The volatile alkali has 
more aftion on niietals and metallic calces than the 
fixed. In the dry way it cannot be exhibited. 
Cauftic volatile ^Ikali combines with oils, though 
difficultly. The faponaceous liquid, called eau de 
luce, is a preparation of this fort. 

CHAP. 
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^ CHAP. XVI. 

OF MINES AND METALS IN GENERAL. 

.nPHE internal parts of the earth, as far as the f 
. *• excavations made by natural caufes, or by 
the induftry of nrien, have given fcope for obferva- " 
tion> exhibit ftriking marks of the immenfe changes 
that'have been produced by the chemical aftion of 
. bodies on each other, during a courfe of ages far 
preceding all human record. It feems probable, e 
diat the loftieft mountains, which run in chains 
through the great continents, and are compofed 
ducfly of granite, were formed previous to the 
cxiftence of animals or vegetables on the earth. 
The fame remark applies likewife to mountains h 
oflimeftone, or marble of agranular texturd, and is 
founded on the confideration, that the remains of 
thofe organized fubftances are never found in them. 
Other mountains, for the contrary reafon, are evi- i 
dently of pofterior formation. Such as have their 
rnaterials arranged in ftrata or beds, feem to have 
been formed by fubfidence and cryftallization in 
«rater. ' The planes thus formed appear, from a 
^rietj^ of figns, to have been disjoined, broken;- 
md thrown up into heaps by earthquakes, or fimi- 
ar convuffions o"f nature. Volcanos, or the erup- k 
don of fubterraneous fires, have alfo contributed 
greatly to change the internal conflrudlion and 
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h external appearance ofthe globe we inhabit. There 
is no country or cliniate where veftiges of thefe 
awful phenomena are not plentifully to be met 
with. Volcanic hills are often pyramidicalj with a 
plain, or hollow cavity at top, and have one or 
more ridges proceeding from thence as a center. 
Strata of lava, and other volcanic produ£ts, abound 
in the vicinity, moftly beneath the furface, and 
are regularly difpofed fo as to point out the fource 

M from which they formerly iflued. Metallic bodies 
are moftly found in the ftratified mountains. The 
beds of thefe mountains being thrown up into an 
inclined pofition, appear to have been worn down 
by the long-contirtucd adion of the atmofpheric 
changes i fo that ftrata, which in lowjeir grounds 
are too deep for the miners to arrive at, are here 
rendered acceflible. 

N Such metallic combinations as are found in 
nature are called ores. The metal is faid to be 
mineralized by the fubftance that is combined with 
it. . It muft, however, be obferved, as an excep- 
tion, that native metallic falts are not called ores. 

o The chief mineralizers are fulphur, arfenic, or its 
acid, and fixed air. Metals are alfo found native 
or uncombined ; but fparingly. 

p There are entire mountains which confift of 
iron ore : other ores form but an .inconfiderable 
part of the mountain. in which they are found. 
Some ores run parallel to the ftony ftrata, though 
very far from having that regularity of thickneis 

thofe 



ASSAYING. SMELTIKQ.. aaff 

thofe ftrata poflefs i others crofs the firata in all 
directions. The laft are called veins. 

Xhe ftones wherein the ore is imbedded are cal- q^ 
led its matrix. Thefe are not peculiarly appro- 
priated to any metal^ but fome Hones more fre** 
quently accompany metals than others. 

The art of extradling metals from ores in the R 
fmall way is called affaying or eflaying. The term 
is- alfo applied to the feparado^ of gold or fUver 
from other metals^ and procuring them alone» 
Ores may be aflayed either by the dry or humid 
method. In the dry way the proccfs is condu&ed 
nearly in the fame method as when die metals are 
extrafted in the large furnaces^ and^ generally 
ipeakingj difcovers litde more than the quandty of 
the metal contained in the ore. In the moift way^ 
by fkilful management, the quality and quantity 
of all the ingredients become known. 

The proccfs by fire for obtaining metals from s 
their ores in large qualities for commercial pur- 
poies, is called fmelting. 

The operations for feparating metals from ores t 
are trituration, and walhing in a ftream of water, by 
which the lighter parts are carried off, while the 
heavier fubfide. This is of fervice when the me- 
talliferous parts are confiderably heavier than the 
reft. Roafting, by which fulphur, water, arfenic> 
vitriolic acid, or other volatile and ufelefs fubftances 
are diflipated. Fufion or fmeking with fuch a 
mixture of earths, or other matters as may facili- • 
tate the fame, by which the luperfluous part of 

CL 3 *^ 
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the ore is fcorified, or n\elted into a flag or gla&, 
fufficiently thin to allow the metalline particles to 
fubfide to the bottom of the furnace in a regulinc 
u ftate. In afFays, phlogiftic matters are ufed for 
fluxing the mafs, that the metal /nay obtain the 
neceflary quantity of phlogifton; but in largp 
works the fuel generally anfwers that purpofey 
V It is obvious, that the trituration, wafhing and 
roafting, are not in all cafes required ; that ib ^ 
fome cafes the roafting muft precede the triturar 
tion; and that the additions in the fmeldng 
require an attention to the fuppofed or known 
Vr contents of the ore required to befufed* Theprcr 
vious cxaniination of ores by the bk)w-pipe, 
(134* c) and more efpecially the humid analyfis, 
^re of great fervice, by indicating the proper ! 
additions to be made in fnielting. ' 

X In ,the humid way the ore is finely powdered, 
^ i and diflblved \n fuch a menftruum as is adapted to 
take up eith?j|| the whole or fome of the parts con- 
jedtured, or fey-blow-pipe experiments known, to 
'■- enter into its con?pofition. TJie undilTolved refi- 
due, if any, is 1tjbje6led to trials by other mcn- 
^ ftruums. The p^rts in folution may be feparated 
by the addition oJ!^precipitating matters, or by eva- 
porating the folveifit to drynefs. The properties and 
weight of the precipitates indicate both the quality 
and quantity of ^ach fubftance contained in the ore. 
This method of aflaying, though incomparably 
more exaft than the other, is .not yet much prac- 
tifed, becaufe the operations are (low^r, and require 
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an extcnfiv^ application of the principles of the 
moft enlightened chemiftry *• . 

Metallic fubftances in thdf reguline ftate have y 
a peculiar brilliancy and opacity (170, z.) Pro- 
perties, undoubtedly, owing to their great denfity, 

• ■ 

and the phldgifton they contain. For the refradkive 
power which bodies exert on light is found to be 
nearly as their denfities (i. 262, a) excepting inflam- 
mable fubftances, and in thefe it is in a higher pro- 
'portion. And, becaufe the refraftion and reflec- 
tion of light arife from the fame caufe (i. 308, e) 
iuch bodies as r^fraft moft will alfo refleft the light 
moft ftrongly. Opacity is a confequence of the 
refleftion of light. White metals are very opake. 
Gold-leaf, which is about f the ^-^-s-^ part of ah 
inch thick, tranfmits light of a beautiful green j 
but filver-leaf, which is about the fyo^Tr? of an 
inch thick, is opake. Other metals have not been 
fp much extended, and whether any of them are 
fufceptible of it is not known. 

Melted metals, like all other fluids, afllime a 2 
iymmetrical form in cooling (152, x.) The crys- 
tals are larger the flower the tranfition from the 
fluid to the folid ftate; and thefpecific gravities of 

* See Bergman's Opufcula, and Kirwan's Mineralogy. 

f This is the thicknefs deduced from the weight and furface 
of a hoqk of gold, when the metal is fo fine as to have but 
three grains of alloy in the ounce, and the workman extra? 
ordin^y ikilful. Finer gold cannot be wrought in this 
way. 

0^4 fome. 
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ibaie^ and, perhaps^ all metals, are greatly zSe&td in 

, the fame Ipecimen (17, w) from this circumftance. 
Several metals have their cryftals ieparated by agi- 
tation or pounding, juft at the time of congelation \ 
they have then a powdery or graniilar form. Thefe, 
if ftruck with a hammer immediately after conger 
lation, are broken, and exhibit the regular arrange- 
ipent of their internal parts. Lead affords a remark*' 
able inftahce of this, 

A Mo$ metals will uniformly mix in all propor- 
tions with each other, and may be afterwards 
ieparated by procefTes founded on the confideration 
of their various fufibility, folubility, or dilpoiitioa 
to be calcined. 

B The ipecific gravities of thefe metallic comjpounds 
is fcarcely ever fuch as would be mathematically 
deduced from their fpecific gravities of the metals 
made ufe of, on the fuppofition of their junftion 
by fimple contaft, 

c The fufibility of thefe compounds is likewifc 
fuch in feveral inftances as would not be expedted 
from the fufibility of the ingredients. In particu- 
lar, a mixture of eight parts bifmuth, five lead, and 
three tin, will melt even in a heat lower than is 
fufficient to caufe water to boil. 

D The portion of bafer or lefs valuable metal that 
is mixed wjth gold or filver, is called alloy. 

jg The imperfed: metals are calcined by heat with 
accefs of air : during this procefs they give out a 
portion of their phlogifton, while the calx receives 
air i moil commonly aerial acid. The' calces of 

molybdena^ 
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iliolybdaia^ ^ arienic> and wolfraiDj^ when fufficicntly 
dephlog^icated^ become acid. Whence it is 
eoBJe^ured^ that all metallic calces are of an acid 
naturcw 

Metallic calces are revived by the addition of f 
phlogifton (152, w. 167, Qj) The black flux is 
very ferviceable for this purpofe 5 for, at the fame 
time that its phlogifton ferves to revive the rcgulus, 
and its thin fufion favours ^ts fubfldence, the alkali 
promotes the work, by combining with the fixed 
air of the calx. 

A calx is heavier ahblutely, but not fpecifically, o 
than the regulus it w^s produced from. 

The calces of joetals are not only capable of h 
revivification, bu fome of them receive fo large a 
proportion of pUogifton by the vapour of fpirit of 
wine being padTed over them when melted, as aftu- 
ally to beccTme converted intol a fpecies of char- 
coal. Copper in particular is converted into a . 
charcoal of more than twenty-fix times its former 
weight, which may be burned in dephlogifticated, 
but not in common air *. 

Metals are foluble in acids, but not in their i 
reguline ftate. Such acids as cannot dephlogifticatc 
a metal expofcd to their aftion do not diflblve it, 
though they will take up the calx. During the 
iblution of metals phlogifton efcapes in the form of 
fome kind of air that contains it. Calces too far 
dephlogifticated are not foluble. 

When a metal is diflblved nearly to faturation k 
in an acid, it will be precipitated in its reguline 

• Prieftley, VL 207 — 211. 
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form by the addition, of anothermctal, provided the 
attriftion of the diflblved calx for the phlogiflon 
of the metal laft added^ together n^ith the attract 
tion of the acid for the calx of the latter, bfc more 
powerful than the ittraftions they are oppofed'tt) 
(144, D.) The order of the prccipitatiofts of 
metals by each other 13 the fame in all stid^^ z 
circumftance which ihcws that the affiniti^'of 
the calces for phlogfton is more concerned ki 
the effedt than thofe of the acids for the csilcses. 

L The order is, zink, iron, manganefe^ cobiiIr> 
nickel, lead, tin, copper, bTntluth, antimonyi irfe- 
nic, mercury, fil ver, gold, phtina : where -ifiy 
preceding in the lift will pretipitate any, or' all 
thofe vhich follow, but none of thofe that coriic 
before, 

M Sulphur diffolves many metals, ztd the alkaline 
liver of fulphur diflblves them all «cept zink. 
For this reafon, great care ought to be taken to 
road: fulphureous ores well, previous to affaying 
them with alkaline fluxes, as the fulphur, together 
with the alkali, (afrms this menftruum, and much 
of the regulus is retained, 

M The imperfeft metals are calcined by deflagra- 
tion with nitre, and alkalife that fait in the fame 
manner as any other phiogiftic fubftance. Some 
of thefe, when fufficiently heated, burn, or are de- 
compofed with flame, and moft of them are rapidly 
burned by heating in dephlogifticated air. 

CHAP. 
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CHAP. XVII. 

F THE PERFECT METALS, GOLD, PLATINA, AND 

SILVER, , 

THE perfeft metals, gold, platina, and filver, o 
cannot be calcined in any fenfible degree by 
^znert heat, or deflagrated \^ith nitre. When cal- 
.flcined by other methods, - they may be reduced 'by 
Jticacing, without the addition of any other phlo- 
ton than is foppofed to pervade the vefTels. 

Gold is a yellow metal of much greater fpecific p 

•avity than any other, except platina (17, w)j 

:acdirc6Uy foluble in aqua regia (192, v), and the 

.fl^ef^logifticated marine acid, and precipitable from 

^^efe in its metallic form, by the folution of vitriol 

9K)f iron. ' Vitriolic acid, diftilled from manganefc, 

^fo dilToIves it. It has all the metallic characters 

^170, z) in the moft perfedt degree. When in 

^ufion> it has a fea-green colour. • 

Gold is rpoftly, if not always, found in its me- ^ 

tallic ftatc. Some fands afford gold by fimple 

"wafliing, the heavy metallic particles fubfiding 

iboneft. But when embodied in earths, or ftones, 

thefe are pulverized and boiled with one tenth of 

their weight of mercury, together with water. The 

mercury, after a certain time, abiorbs the gold, 

and may be feparatcd by diftillation. Or other- 

yri^ by heating the fand red-hot, and quenching 
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in water feveral times, for the purpole of cra^lung 
and dividing it, and then melting the wbol^H^^fiO 
glafs with twice its weight of the cHxQ{;lg9d, 
called litharge. Charcoal being added, rqiriv^^ 
the litharge into lead, which fubfides to the.boetfom, 
carrying the gold with it. If the lead, thus iitpa- 
rated from the fand, be again converted into li- 
tharge by calcination, the gold will remain fe- 
parate at the bottom of the teft (130, x). 

This laft operation, called t<^fting» or cupdfl^- 
tion when performed in the fmall way, is OQCi^f 
the bed methods of feparating the imperfe6i: from 
the perfeft metals. The mafs of metals W ht 
cupelled is put, together with lead, into a finall 
ihallow crucible of burned bones, called a cupel, 
and fufed with a conliderable heat, with acoe&^of 
air. The lead continually vitrifies, and carries 
all the imperfeft metals with it. No litharge is 
produced in the fmall way, becaufe the glafs of lead 
is imbibed by the porous cupel. During the cupel* 
lation, the fcoria, running down on all fides from 
the metallic mafs, produce an appearance called 
circulation, by which the operator judges- that the 
procefs is going on well. When the metal is near- 
ly pure, certain rainbow colours flafh acrofs the 
furface, which foon after appears very brilliant and 
clean. This is called the brightening, and fhews 
that the cupellation is ended. 

If the cupelled mafe contain nftore gold than 
filver, the gold may be diffolved by aqua regia, 
and the filver will remain in a pov^dery form. If 

3 the 
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the^filvier'pmral^ pure jikrous acid will difiblve 
itm^^g^il^wt the gold. It is found moll advan^ 
tagcoiji^ 'to^ add pure filverj i^f required^ to ms^e 
thj^pcoportipn of this metal to the gold as three 
to one. For in this cafe the quantity of lilver 
is not So- faiall as to be proteded by the gold 
&om the a£tion of the menftruum^ nor the gold 
fo fn^all as to fall into powder, when deferted by 
the filver. Thefe proceffes are called parting. 

If platina be fuppofed to be mixed with the t 
gQld^ both may be diflblved in aqua regia, and the 
gold . will be precipitated alone on the addition of 
mardal vitriol. No other metal is precipitablc 
frdm its folvent by martial vitriol but gold. The 
iron of the vitriol thus ufed becomes more dephlo- 
^fticaited than before. 

The precipitate of gold from its folvent by a u 
volatile alkali, or by a fixed alkali, if the volatile 
alkali be prefent in the menftruum (192, v), has 
a wonderful power of detonating, with a moderate 
heat, the gold being thus revived. The force of 
this ixplofion is not fo great as that of gunpowder, 
if a judgment may be formed by burning it in a 
clofed metallic veffel; but is much greater, if at- 
tention be paid to the prodigious noife it makes, 
and the laceration of the metallic plate it is burned 
upon. Thefe contrary conclufions may be recon- 
ciled, either by fuppofing the force of aurum ful- 
minans lefs than that of gunpowder, but that its 
velocity of expanfion is greater at the beginniag; 
or otherwife, by fuppofing its force to be greater, 

but 



but that, when inclofed and in cdn'taS: with fed^ . 
hot metal, the powder is decompofed in another ,. 
way without explofion. Experiment muft, how- 
ever, determine. The moft probable theory of this 
faA is, that the calx of gold, in a certain heat^ , 
feizes the phlogifton (187, x) of the volatile al-« 
kali' it is combined with, while the other part of 
the alkali inftantly aflumes an aerial form. 

V Tin, either diflblved in aqua regia, of in fub* • 
ftance, added to a folution of gold, precipitates the 
gold in the form of a beautiful purple powder, 
called the purple powder of Caffius, which is of 
ufe in enamels, as it gives a fine tinge to glafs. 
The preparation of this powder, and the produc- 
tion of a clear ruby coloured glafs, require pecu- 
liar management, 

w Light diftilled oils, and more particularly ether, 
take gold from its folvent, but no other metal. If 
the ether be left to evaporate, by imperfeftly 
clofing the phial, the gold falls in its metallic 
form, no longer foluble by the acid beneath. Ar- 
dent fpirit, wine, or vinegar, mingle uniformly 
with folutions of gold, and feparate it alone. 
Thefe methods purify gold from all admixtures. 

X Liver of fulphur combines with gold in the dry 
way into a mafs, diflblvable in water. 

y The imaginary value of gold probably originated 
in its property of bearing the aftion of the air, and 
all other liquids commonly met with, without 
tarnifhing or rufting i to which value, no doubt, its 

great ^ 
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^at and almoft inimitable fpecific gravity has 
contributed. 

The gold coins of Britain confift of eleven parts 
. gold to one of copper. The alloy is requxed to 
^ivc the neceflary hardnefs. 

r Pktina has been found hitherto only in the gold- z 
/nines in Peru. It comes over in the form of 
gfrains, intermixed with ferruginous fand and 
q.vartz. The grains that remain, after the moft 
nraagnetical and earthy particles have been fepa- 
n^ftt^j are of a whiter colour than iron. Thefe 
ir^antain one third of their weight of iron, and 
ye a fpecific gravity of 16 or i8. To purify a 
it nriuft be repeatedly boiled in marine acid, 
iH no more iron is feparated, then waflied, and 
iiffolvcd in aqua regia^ to this the Pruffian alkali 
i^ ^ to be added till it ceafes to precipitate any iron j 
e clear folution being decanted oflF, the addition 
pure fal ammoniac will throw down the platina, 
^vvliich may be fufed in the moft violent heat of a 
furnace. No other metal *is precipitable by lal 
ammoniac. 

Platina thus purified, is by much the heavicft b 
ody in nature (17, w). It is very malleable, 
though confidcrably harder than either gold or 
■ Glvcrt \ Its colour is not diftinguifhable from filver 
on the louchftone. When in the higheft degree 
of purity it is not magneticah but when its fpe- 
cific gravity is as low as 21.36, it ftill contains 
iron liifiicient to render it fufceptible of the mag- 
netic 



t 
netic touchy and obedient to a ftrong magnet *« 

It is foluble only in aqua regia> or the dephlo- 

giflicatcd marine acid^ and is not aded on by 

fulphur. Mercury docs not diflblve it. It wlth- 

ftands cupellation* 

c Plarina unites with moft of the other metals^ fo 
as to compofe a iiniform compound. 

D Silver is the whiteft of all metals^ folubfe in 
moderately dilute nitrous acid, and in the vitriolic 
acid by the affiftance of heat, but not dirctMy in 
the marine acid, nor aqua regia. It is precipitable 
from either of the firft mentioned acids by Ae 
addition of marine acid, which combines with its 
calx, and forms the infoluble compound called* 
Ixina cornea. Its malleability, compared with 
that of gold (231, y), is nearly in proportion to 
its fpecific gravity. 

E Native filver is found in a great variety of 
fomis, and imbedded in various earths. Some of 
the mafles have been found of the weight of fixty 
pounds. The greateft quantity of this metal comes 
from Peru. 

F The ores of filver are very numerous. Sulphur, 
arfenic, marine acid, coal, iron, copper, anti- 
mony, are the fubftances that fevefally or col- 
lectively, in greater or lefs proportions, enter into 
their compofition. 

G The folution of filver, in the nitrous acid, af- 
fords nitrated filver, or lunar nitre, in fmall cryflials. 

* See the fedtion on magnetirm. 

This 



This (alt detonates when heated with phlogiftic 
mattersj but fufes in a moderate heat, without ad- 
ditioni into a dark coloured nnafs^ ufed by fur- 
geons as a cauftic, under the name of lapis in- 
femalis* 

Marine acidj or pure common fait, being added n 
to a folution of filver, the filver falls down in com- 
bination with more than its weight of the marine 
^cid. This compound melts in the fire, at a 
iow red heatj and if call inco thin plates, is femi- 
ti^xanfparent, and fomewhat flexible like horn ; 
Vvhence its name luna cornea* If carefully pre- 
5 it proves clear, and is fuppofed to have 
iven rife to the notion of malleable glafs. A 
eater heat does not expel the acid, but the whole 
^Concrete either rifes in fumes, or pafles through 
tJie pores of the vefleL As the marine acid throws 
^own only filver, lead, and mercury, and the 
latter two of thefe are not preient in filver that has 
pafled the cupel {2;^6y r) though a fmall quan- 
tity of copper may elude the fcorification in that 
procefsj the filver which may be revived fro:n 
luna cornea is purer than can be eafily obtained 
by any other procefs. It is reducible by tricura- r 
tion with its own weight of fixed alkali and a 
little water, and afterwards melting the whole in 
a crucible, whofe bottom is covered with mineral 
alkali, well prefll^d, die mafs of luna cornea being 
alfo covered with the mineral alkali* This ma- 
nagement is required in order that the reduc- 
tion may take place before the volatilization comes 
Vol. II. R .on. 
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otij which, in the ufual method of rtdu&joa, 
would cailTe a conliderable part of the iilver to 
be loft. 

K The property of forming a luna cornea, or 
fcarcely foluble compound, with marine acid, af- 
fords a good tcft for detefting the prefencc of 
fmall quantities of that acid, or unmetallic fait 
containing it, in waters. For by dropping the fo- 
lution of filver in nitrous acid into fuch waters, 

I a cloud, of a curd-like appearance, will be im- 
mediately formed by the combination of the calx 

L of filver with the marine acid, if prefent. This 
property alfo affords a method of purifying the 
nitrous acid ( 1 84, o). 

M Silver is not corroded by the aftion of the 
atmofpherci but is very apt to tarnifh and grow 
black by expofure to phlogiftic vapors, 

K Sulphur, and alfo the liver of fulphur, diflblvc 
filver in the dry way. 

o Pure volatile alkali diflTolves the calx of filver, 
and the folution will afford cryftals, 

p Pure filver, like pure gold, is too foft to be 
ufed for ordinary purpofes without alloy. In the 
Bridfli coinage fiteen parts of filver are alloyed 
with one of copper. 
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CHAP. XVIIL 

bF THE IMPERFECT METALS; MERCURV, LEAD, 

COPPER, IRON, AND TIN. 

MERCURY or quickfilver is a metal df o^ 
a bluifli white colour, not fufceptible of 
hift, or tarnifli^ by expofure to the air. Its fufi- 
bility is ib greats that it becomes fluid long be- 
fore ice melts i and its volatility is fuch, that 
it is driven off by aftual ebullition, at a tempera* 
ture ( 1 27, K) which the greater part of the other 
metals fuftain without melting. In its folid ftate 
it is malleable. Its fpecific gravity (17, w) is 
greater than any of the other metals, platina, 
gold, and wolfram excepted. By a heat, nearly 
fufficient to caufe it to rife quickly in the vaporous 
form, it is calcined, provided the accefs of at- 
mofpherical or pure air be allowed. This calx, r 
improperly called precipitate per fe, is of a red 
color, and refumes its metallic form by mere in- 
creafe of heat, at the fame time that it gives out 
pure or dephlogifticated air. 

Native mercury is frequently found, but per- s 
haps uever free from metallic alloy. It is alfo 
found mineralized, in the form of precipitate 
per fe, or combined with the vitriolic or marine 
acids, or with fulphur. This laft is called cinna- T 
ban It is of various colours, from a yellowilh to 

R 2 a de^ 
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4^ deep red, and is very ponderous. In clofc 
veffels it fublimes without any other alteration 
than being deprived of its impurities ; in open 

ij veflels, with fufficient heat, it is decompofed. The 
niercury is obtained from it by diftillation, with 
the addition of fome fubftance that will combine 
with, and detain the fulphur ; for which purpofe 
iron, in fmall pieces, is commonly made ufe of. But if 
calcareous earth be mixed with or abound in the ore, 

v no other addition is requifite* The paint called 
Vermillion, is an artificial cinnabar, produced by 
combining mercury with fulphur by trituration 
and fublimation. One hundred parts of cinnabar 
contain eighty of mercury, and twenty of fulphur, 

w Mercury is judged to be pure when it is pcr- 
feftly fluid, and runs in neat globules, without 
any pellicle on its furface, or without foiling a 
funnel of clean white paper, through which it may 
be poured by a very fmall aperture at bottom. If 

it leaves nothing behind after evaporation, its 

X purity may be ftill more depended on. For pur- 

pofes where the utmoft purity is required, the 

mercury may be triturated with flowers of brin\- 

fkone, till it difappears, by uniting with that fiib- 

•ftance in the form of a black powder. Called 

ethiops mineral; with this may be mixed twice 

the quantity of quicklime or filings of iron> and 

the whole being fubmitted to diftillation, the mer- 

Y cury will rife, and pafs into the receiver. Dufl;, 

and other fuperficial impurities^ are removed by 



Meffing mercury through a leathern bag. 
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The concentrated vitriolic acid, by boiling v 
connbines with mercury into a white mafs, which, 
by the affufion of afufficient quantity of hot water, 
becomes of a citron colour. It is fcarcely at all 
foluble in water, and is known in medicine by 
the name of turbith mineral. 

Nitrous acid diflblves m,ercury very readily, and ^ 
affords, by cryftallization, a fait called mercurial 
nitre; If this fait, which is white, be expofed tp 
heat, it becomes yellow, then orange coloured, 
and, laftly, red, in which ftate it is found not to 
differ from precipitate per fe (243, r. 182, c.) 

Vitriolic acid, added to a folution of mercury a 
in the nitrous acid, feizes the metallic calx, and 
falls to the bottom ; forming the fame com- 
bination, as would have been produced by the 
diredt folution of mercury in the vitriolic acid 
(245, y). The affufion of warm water converts 
it into turbith mineral. 

The common marine acid does not diffolve b 
mercury, though it readily unites with it when fuffi- 
cjently calcined by other means. Thus, when 
mercury is deprived of part of its phlogifton by 
nitrous acid, in which it is diffolved, the marine 
acid being added, immediately feizes the calx, and 
forms a fait of difBcult folubility, which falls to 
the bottom. It is obfervable, in diffolving mer- c 
cury in the nitious acid, that the folution a( the 
beginning is attended with the efcape of nitrous 
air (185, r), but that the mercury continues to h^ 
diJffolved after the emiffion of air ha| ceafed. The 
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** latter portion IS therefore taken up in its metallic 

D ftate. If the marine acid be added to a folution 
of no greater quantity of mercury in nitrous acid, 
than could be diflblved with cfFervefcence> the 
precipijate will be a fait of fparing Iblubility in 
water, and highly corrofive, known by the name 

-5, of corrofive fublimatc. But if the nitrous acid 
be loaded with as much mercury as it can takf 
up, and marine acid be added, the precipitate 
will be mild, and fcarcely at all foluble in water, 
and is then called mercurius dulcis, or calomel. 

F Corrofive fublimate has always, till lately, been 
made by fublimacion, This is efFefted by a va- 
riety of methods, all which tend to combine the 
marine acid with the calx of mercury. If the 
white faline mafs, produced by combining the 
vitriolic acid with mercury (245, y), be tritu- 
rated with an equal weight of fea-falt, and ex- 
pofed to heat in a cucurbit (129, x) th6 vitriolic 
acid quits the calx of mercury to combine with 
the alkali of the fait, while the marine acid thus 
^ifengaged unites with the mercurial calx, and' 
forms the corrofive fait required. This is fub- 
limed by the heat, in a white mafs, cryftallized in 
the form of needles. 

Q Corrofive fublimate, triturated with mercury, 
abforbs or unites with a quantity about two-thirds 
of its own weight. Sublimation renders the union 
more perfeft, and affords the mercurius dulcis of 
the (hops. 

* . The 
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The dephlogifticated marine acid dircdly at- 
tacks mercury, depriving it of the rcquifite por- 
tion of phlogifton, and uniting with its calx into 
corrofive fublimate. 

Mercury combines with almoft all metallic fub- 
ftances, and communicates to them more or lefs 
of its fulibility. When thcfc metallic ipixtures 
contain enough of mercury to render them foft in 
a mean temperature, they are called amalgams. 

Lead is a white metal of a confiderably blue 
tinge, not fubjedt to be much corroded by ex- 
pofure to air or water, though the brightnefs of 
its furface, when cut or fcraped, foon goes off. 
It is very foft and flexible; not very tenacious, 
and confequently incapable of being drawn into 
fine wire. Under the hammer it is eafily ex- 
tended into thin plates, but its properties have 
not induced workmen to fubjeift it to the fame 
trials as gold, filver, and copper, and there* 
fore its comparative malleability is not known* 
Its fpecific gravity is confiderable. On the fire 
it melts long before ignition, at about the 540th 
degree of Fahrenheit's thermometer, at which pe« 
riod it begins to be calcined, if refpirable air be 
prefent. In a llrong red heat it boils and emirs 
fumes. If melted lead be ponred into a box, 
previoufly rubbed with chalk, to prevent adhc- 
fion, and continually agitated, it will concrete 
into feparate grains, of coniiderable ufe in a va« 
riety of mechanical operations ; or if it be poured 
into a mould> and turned out at the inftant of 
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cooling, a blow with the hammer will break the 
mais, and the lymmetrical arrangement of the in-- 
ternal parts will be feen. 

I The ores of lead are moft commonly found 
among earths of the calcareous or ponderous kind* 
Galciform lead-ores are either tranfparent or opake 
(pars, or pulverulent, or ochreous maflcs of a 
reddifh or brown colour. They are reducible by 
fufion with phlogiftic matters. Lead is alfo found 
mineralized by the vitriolic acid, forming a white 
ponderous fait, foJuble in water. Likewife com^ 
bined with the phofphoric acid of a greenifli co- 
lour. Sulphur is the ufual mineralizer of lead. 
Of thefe the galena, or potters lead ore, is the 
moft common. It is of a lead colour, but darker, 
and is for the moft part formed in cubes of a 
moderate fize, or grains of a cubical figure, with 
the cornt^rs cut off] its texture being granular. 
When antimony enters into the compoficion, the 
texture is radiated or filamentous. There are 
«lfo pyritous a«d red arfcnical lead-ores, but the 
latter is very fcarce, The fulphureous lead-ores 
contain filver. It is not indubitably eftablifhed 
that native lead has ever been found. 

}4 By calcination, lead is converted into a dufky 
powder called plumbum uftum ; a longer con- 
tinued heat, with accefs of air, renders it white, 
yellow, and after fome days, of a bright red, 
called minium, or red lead. The heat for this 
purpofe muft not exceed a certain degree. A 
greaicr beat converts the calx, by degrees, into a 

yellow 
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yellow flaky calx, called litharge ; and by a mo- 
derately ftrong fire, it runs into a yellow tranfpa- 
rent glafs, which powerfully diflblves metallic 
calces (236, r) ; and unlefs combined with thefe, 
or earthy additions, corrodes and paffes through 
common crucibles. This glafs a£ts more ftrong- 
ly on filiceous than on argillaceous earths, and is 
a principal ingredient in fine white glafs* 

Vitriolic acid, by boiling, combines with lead into k 
a faline mafs. Nitrous acid unites with it into a 
cryftallizable fait. The vitriolic acid, added to a 
folution of lead in the nitrous acid, feizes the calx, 
and falls to the bottom, forming the fame com* 
pound as would have been produced by direft fo- 
lution of lead. The marine acid in the fame man- 
ner carries down the lead, and forms a combina- 
tion called plumbum corneum, which is more 
foluble in water than luna cornea (241, h)» 

The marine acid adls diredly on lead, by o 
boiling. 

The acetous acid diflblves lead and its calces, p 
White lead, or cerufe, is made by rolling leaden 
plates fpirally up, fo as to leave the Ipace of an 
inch between each coil, and placing them vertically 
in earthen pots, at the bottom of which is fbmc 
good vinegar. The pots are to be covered and 
cxpofed for a length of time to a gentle heat in a 
fand bath, or by placing them in dung. The 
vapour of the vinegar attaches itfelf to the furface 
of the plates, and corrodes them, by that means 
reducing them into ceruie, which cpmcs oflT in 
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flakes when the lead is uncoiled. The plates arc 
thus treated repeatedly, till they are corroded 
through. 

0^ The acid in cerufe is fuperfaturated. By folu- 
tion of this compound in acetous acid, a cryftal- 
lizable fait, called fugar of lead, is obtained, 
which is the fame as would with lefs facility have 
been procured by diffolving lead direftly in that 
acid. 

R Sulphur readily combines with lead, by the 
aflfiftance of heat, and forms a compound, limilar 
to the fulphureous lead ore. 

s Oils gnd fat$ have a flrong a£tion on lead, and 
its calces. Litharge, or any of the other calces 
of lead are copiouQy and entirely folublc in oils 
by boiling, which are thereby rendered thicker, 
and more drying. L.infeed oil, thus impregnated 
with litharge, is much ufed by painters, under 
the name of drying oil. Many of the plafters ufed 
in furgery have for their bafis oil thickened by 
boiling with calx of lead. 

T Lead in its metallic ftate unites with mod 
metals. It may be feparated from copper by 
eliquation, or melting by a heat too low to fufe 
the copper. It altogether rejefts iron. 

u Copper is a metal of a peculiar reddifli brown 
colour, fubjeft to tarnifh ; it grows bkck by long 
cxpofure. to the air 3 and eafily rufts by moiflure. 
It is of very confiderable hardnefs, tenacity, duc- 
tility, and malleability : and its elafticity is greater 
than that of any. metal, except iron. From this 
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laft property, maffes of this metd emit a loud and 
lading found when ftruck, and that, more efpeci- 
ally, when of a proper figure (68. w). At a de- V 
grec of heat, far below ignition, the furface of a 
piece of polilhed copper become^ covered with 
various ranges of prifmatic colours, the red of 
each order being neareft the end which has been 
njoft heated; an effeft, which muft doubtlcfs be 
attributed to calcination, the ftratum of calx be* 
ing thickeft where the heat has been greateft, and 
gradually thinner and thinner towards the colder 
part (i, 280). A greater degree of heat calcines 
this metal more rapidly, fo that it contracts thin 
powdery fcales on its furface, which may be eafily 
rubbed off, the flame of the fuel becoming at 
the fame time of a beautiful green or bluiih co- 
lour. In a ftrong white heat, greater than 4s necef- "# 
fary to melt gold or filver, its melts and exhibits a 
bluifli green colour. 

Copper is fometimes found native. Its ores arc x 
cither calciform, of a red, blue, or green colour, or 
fulphureous, with more or lefs of iron, arfenic, or 
zink. It is alfo found mineralized 5y the vitriolic 
or marine acids (178, w). Copper is cxtrafted 
from its ores by repeated fufions and roafting, by 
which the fulphur is driven ofi> and the bafcr 
metals fcorified. Lead is an ufeful addition for 
depriving it of the laft portions of fulphur. Silver 
is extrafted from copper by eliquaiion (afc*, t) 
with lead, which carries the filvcr down with it. 
This proceis cannot however Separate gold from 

copjpcn 
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copper. When the quantity of gold is fufpe&cd 
to be too fmall to be advantageoufly recovered by 
tefting, (236, R)it may be cxtrafted by pulveri- 
sing the fulphurated copper, fulphur being added 
if required, and grinding the mafs with mercury, 
which anmalgamatcs with the gold (23^, qJ). 
y Vitriolic acid, highly concentrated and boiling, 
diffolves copper, and by evaporation affords blue 
cryftals (178, v) of vitriolated copper. By 
cementation of copper with fulphur, part of the 
mals becomes foluble in water, and aflfords the 
fame fait. 

z Nitrous acid diffolves copper with great violence, 
and forms a deliquefcent fait. The folution is 
green, as are alfb the cryftals. This fait dried 
and placed in a heat not much greater than the 
hand can bear, takes fire. 

A Marine acid likewife diffolves this metal, and 
forms a deliquefcent fait, which takes fire from a 
candle, and burtis with a blue flame. 

B Verdigris is made by ftratifying copper plates 
with hulks of grapes after the juice has been pref- 
fed out, the remaining acid forming this fubftance 

c by corroding the metal. Verdigris diffolved in 
diftilled vinegar becomes completely faturated with 
acid, and when cryftallized, is improperly called 
diftilled verdigris. 

D Copper may be deprived of any acid by diftil- 

£ lation, without any intermediate fubftance. The 
acetous acid thus recovered from cryftals of verdi- 
gris, is called radical vinegar (217, z). 

When 
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' When copper is feparated from any acid by the f 
ilddition of an alkali, in greater quantity than is 
fufficient for the purpofe, the alkali diflblves part 
of the calx, and gives the liquor a blue colour. 

Cauftic volatile alkali diflblves copper if the o 
accefs of refpirable air be permitted. The folu- 
tion is of a fine blue, and yields, on evaporation, a 
faline mafs of the fame colour. It is obfervablc 
that the alkaline liquid remains colourlefs while 
the air is prevented from communicating with its 
furface, but that the blue colour extends gradually 
from the furface downwards, when the veflel is 
opened. A circumftance well explained from the 
confideration that the air a£ts as an intermedium 
in carrying off that portion of phlogifton, which 
it is Jieceffary the copper fhould lofe in order to 
become foluble. 

Neutral falts, and alfo oils and fat fubftances, h 
have a confiderable aftion on copper. 

Copper mixes with the other metals. The i 
compofitions moft generally in ufe, in which cop- 
per enters as the principal part, are brafs and 
bell-metal. 

Brafs is compofed of copper and zink. Ac- k 
cording to the proportion of zink, the brafs is of a 
yellower and paler colour than copper, and when 
the zink greatly abounds it is white. Brafs is 
very duftile and malleable when cold, but britde 
when hot. It is harder, more fonorous, and not 
fo liable to ruft as pure copper ; and is alio more 
fiifible, and I'^fs fubjeft to fcorify in a moderate heat. 

' Thcfe 
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Thcfc properties, added to the beauty of its Co- 
Jour, render it a very valuable material in the 
arts. 
t The finett brafs is not made by the fufion of 
copper and zink, but by the cementation of gra* 
nulated copper with pulverized calamine and char- 
coal. The calamine, which is an ore containing 
zink in a calcined ftate, parts with its zink in the" 
form of vapour when revived by the charcoal; 
and this volatile femi-metal combines with the 
copper. The procefs lafts eight or ten hours, or 
even fome days, according to the quality of the 
calamine, at the end of which, by an increafe of 
heat for a fliort time, the brafs is fufed into a mafs 
at the bottom of the crucible. The quantity of 
zink in good brafs, may be about one third. 

M Bell- metal is compofed of copper alloyed with 
tin. According to the proportion of tin the com- 
pound becomes paler than copper, and when the 
tin amounts to one third of the mafs, it becomes 
of a very beautiful yellowifli white. It is remark- 
able that zink, which is fcarcely at all malleable, 
fliould unite with copper into the malleable com- 
pound brafs ; and on the contrary, the two malle- 
able metals, tin and copper, compofe bell-metal, 
which is fo brittle, that it may be reduced to pow- 
der. The fpecific gravity of bell-metal is a cir- 
cumftance equally fingular ; for in mod propor- 
tions of the mixture it is about as heavy as the 
heavieft of the two metals, copper j and when the 
tin is about one third, its denfity is aftually greater 

than 
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riian that of copper*. The extreme hardnefs and 
fonoroufnefs of this cbmpound, together with its 
being lefs fubjedt to alter by expofure to the 
yiciffitudes of the air, than any other cheap metal- 
lic compound poffefling the fame properties, have 
recommended it in the fabrication of various 
utenGls and articles ; as cannon, bells, ftatues, &c. 
in the compofition of which, other metals, however, 
are mixed in various proportions, according to the 
fancy or the experience of the artift. 

The attention of the philofopher is more par- N 
ticularly diredted to the mixture of copper and 
tin, on account of its being the fubftance of which 
the (peculums of refleding telefcopes are made. 
For this purpofe there is required a metal capable 
of an exquifite polifli, hard enough to receive and 
retain a figure accurately fuited to the regular re- 
fleftion of light, and not fubjedt to lofe its polifh or 
figure by the adion of air and the vapours ufually 
floating therein. Such a compofition, it muft be 
confefled, is ftill a defideratum ; but the experiments 
and praftice of the beft artifts ftiew, that pure 
copper alloyed with pure tin, aflfords a metal equal 
a.t leaft, if not fuperior, to any of the lefs fimpk 
matures given in books. As to the proportions, 
it is found that a fmall addition of tin renders the 
colour of copper whiter, and at the fame time hardens 
it confiderably. Thefe efFefts are more and more 
prevalent while the dofe of tin increafes as far as a 

♦ Lcvvio on Newman, !• 97. 
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certain point. Fourteen ounces and a half of tin to 
two pounds of copper^ is a good compofition for 

o mirrors. One third part tin produces a whiter 
colour, but is too hard to be worked in the ufual 

P methods of grinding. If the dole of tin be gready 
increafed, a fofter metal of a bluifh white colour 
is obtained, which bears and retains a good polifh 
and figure, but does not fcem equal to the yel- 
lowifh white. Some care and attention are re- 
quired in cafting mirrors, that they may not prove 
full of microfcopic pores by the intermixture of 
calx. For this metal is eafily reduced to a calxj 
and burns with a purple flame in a ftrong red heat. 

0^ To prevent this, the copper muft firft be fufed in 
a melting-pot, larger than fufficient to contain the 
whole, and whofe upper part is filled with pul- 
verized charcoal, and the tin afterwards added 3 
and when the mixture is completed, the whole 
muft be fufFered to cool, nearly to concretion, be- 
fore it is poured out. Or, which is ftill better, it 
may be poured out and again melted with a low 
heat, fuch as is merely fufficient for the purpofe* 
Among various pieces caft out of the fame ftifion, 
the laiter proved always cleaner, better adapted to 
the mould, and of a more uniform texture when 
poliftied. 

R Iron is a metal of a bhiifh white colour, more 
or lefs dark in various fpecimens, fubjeft to ruft 
by expofure to air and moifture. Its tenacity, 
duftility, and malleability are very great -, and it 
exceeds eveiy other meirJ in elafticity and hard- 

nefs. 



nefsi The appearance of prifmatic colours (125 1, v) 
oh its poliflied furfacc takes place long before 
ignition. It may be ignited by a quick fucceflion 
of blows with a hammer. Struck with a flint it 
emits decrepitating ignited particles^ fuch as can 
be obtained from no other metal by the fame 
means. It is eafily calcined by fire, but requires 
a moft intenfe heat to fufe it when pure. During 
its decompofition by heat, it exhibits ftrongef 
marks of combuftion than any other entire metaK 
It is even faid*, that the blaft of bellows will 
maintain its heat after it has been ftrongly ignited 
and taken out of the fire 5 and it is certain that 
the end of an iron wire being made red hot and 
dipped in a jar of dephlogifticated air, will be en- 
tirely confiimed by the fucceflive combuftion of 
its parts. In a white heat, iron appears as if 
covered with a kind of varnifh, and in this ftate 
two pieces applied together will adhere and may 
be perfe6Uy united by forging. This operation, 
peculiar to iron, is called welding. Iron is 
thought to. be the only fubftance in nature that 
has the property of becoming magnetical. Such 
other bodies as have that property, poffcfs it in a 
very flight degree, and it may arife from iron con- 
tained in them, as far as experiments have yet un- 
equivocally fhewn. 

Iron is more abundant and more univerfally 
diffufed than any other metallic body. Few fands, 

• JBy Dr. Hooke. 
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clays, ftones, or waters of rivers^ (prings, rain, or 
fnow are pcrfeftly free from it. The parts of animal 
and vegetable fubftances have been alfo obfervcd 
to contain it. Native malleable iron has been 
found, though rarely. Its ores arc either purely 
calciform, as in ochres and haematites; or the 
calces are mixed chiefly with earths, as in (pars, 
jafper, boles, bafaltes, micas, &c. ; or the iron is 
mineralized with fulphur, as in pyrites, (171, c) 
with arfenic in the white pyrites, or with both; 
with bitumen in the coal ore ; or combined with 
the vitriolic acid in native vitriol or vitriolic 
waters. 

The ores of iron, after roafting, are fmelted in 
furnaces of various magnitudes and forms. Some 
are thirty feet in height, their internal fhape being 
nearly the fruftum of a cone, whofe larger bafe is 
uppermoft. Near the bottom is an aperture, for 
the infertion of the pipe of large bellows^ worked 
by water, or of other machines for producing a 
current of air, and alfo holes to be occafionally 
opened to permit the fcoria and the metal to flow 
out, as the procefs may require. Charcoal or coke, 
with lighted brufhwood, is firfl: thrown in, and 
when the whole infide of the furnace has acquired 
a ftrong ignition, the ore is thrown in *by fmall 
quantities at a time, with more of the fuel, and 
commonly a portion of lime fl:one, as a flux. The 
ore gradually fubfides into the hottefl: part of the 
furnace, where it becomes fufed, and the metallic 
particles revived by the coal, pafs through the 

fcoria, 
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fcofia> and poffcfs the lower place. The quantity 
of fuel, the additions, and the heat muft be re- 
gulated in order to obtain iron of a good quality 5 
and this quality muft likewife, in the firft product, 
be ncceflarily different, according to the nature of 
the parts that connpofe the ore. 

The beft caft iron, or iron as much freed from v 
heterogeneous matters as the ufual procefs of fmelt- 
ing can effeft it, is not at all malleable, and fo hard, 
as perfeftly to withftand the file. If this be kept 
in fufion for a confiderable time, it boils, and 
much fcoria is feparatcd > and by repeated blows of 
a large hammer on the mafs, when nearly at the 
melting heat, more extraneous matter is forced out,. 
and it is rendered malleable. In this ftate it is 
much fofter than before, and of a fibrous texture. 

Caft iron has for fome time paft been brought v 
into the malleable ftate by palling it through rol- 
lifs inftead of forging it. This is found to be a 
real improvement in the procefs, as well in point 
of difpatch, as in its not requiring that Ikill and 
dexterity which* forge-men only acquire by long 
praftice* If the purpofcs of commerce ihould 
require more iron to be made, it will be eafy to 
fabricate and ereft rolling machines, though it 
might be imprafticable to procure expert forge- 
men in a fhort time. 

Steel is iron in an intermediate ftate between w 
caft iron and iron which is foft, tough, and malle- 
able. The iron run from fome German ores is 
found to lie a good ftcel, when forged only to a 

S a •- certain 
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certain point. But fteel is ufuaily made by ce- 
mentation from the beft forged iron with matters 
chiefly of the inflammable kind. Two parts of 
pounded charcoal and one of wood afhes is efteem* 
ed a good cement. The iron bars are bedded 
feparately, or apart from each other, ip this cement^ . 
in a clofed crucible, and kept in an equal red heat 
for eight or ten hours, at the end of which time 
they are found to be converted into fl:eel. If the 
cementation be continued too long, the fteel is 
brought to a ftate refembling caft iron, being 
rendered excefllvely brittle, incapable of being 
welded, and apt to crack and fly in forging : but 
on the contrary, cementation with abforbent earths 
or Ample ignition long continued, reduces fted to 
the ftate of forged iron. 

It is a valuable property of fteel, that though 
it is fufficiently foft when gradually cooled, to be 
formed without difficulty into various tools sipd 
utenfils, yet it may be afterwards rendered more or 
left hard, even to an extreme degree, by limply 
plunging it, when heated, into cold water. This 
is called tempering. The hardnefs prodiiced, is 
greater in proportion as the fteel is hotter and the 
water colder. The colours that appear on the 
furface of fteel flowly heated, are yellowifh white, . 
yellow, gold colour, purple, violet, deep blue, 
yellowifli white, after which the ignition takes 
place. Thefe figns dire6t the artift in tempering. 
Ignited fteel qilenched in water, proves excefllvely 
hard and brittle, but it may be reduced to the re- 
quired 
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quired degree of Ibftnefi by heating it till it ex- 
hibits a known colour. Soft fteel has a greater 
Ipecific gravity than that which is hardened^ 

Caft iron, by cementation with animal afhes^ may y 
be brought into a Hate refembling fteel> and capa- 
ble of being tempered by immerfion in water j and 
a farther continuation of this procefs carries it 
beyond that point, fo that it refembles forged iron. 
But diis management is much lefs effedhial than 
forging, probably becaufe the impurities of caft 
iron are not removed by it. 

Tools and other articles wrought in forged iron^ z 
are often cemented with a compofition of burned 
leather, horns, or the like fubftances for a fhort 
time, by which a very thin ftratum of the external 
part is converted into fteel, and is hardened by 
immerHon in water. This is called cafe-harden« 
ing. 

The chief differences in iron appear to depend a 
on the prefence or abfcnce of plumbago (169, v). 
When caft iron is diffolved in the vitriolic acid^ a 
refidue remains untouched, which is found to 
confift chiefly of plumbago, inflammable air be- 
ing at the fame time extricated (1791 a). Steel 
in the fame circurriftances, affords lefs plumbago 
and more inflammable air. Tough, malleable 
iron fimilarly treated, leaves fcarcely any relidue, 
but gives out more inflammable air than either of 
the other kinds of iron. It is therefore feen that b 
caft iron confifts of the metal combined with 
plumbago, which is a kind of fulphur, and deprived 
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of fuch a portion of phlogifton as it is probably 
ncceflary {233, i) it fhould lofe in order to be 
capable of fuch an union. Steel is a more per- 
fc6t iron, nearly as nnalleable in its foft itate as . 
forged iron ; but in its hard ftate, as brittle as the 
crude caft iron. Pure forged iron is the metal 
itfclf alone. 

c The iron obtained from various ores or by va^ 
rious procefles, is found to differ in its qualities ia 
fevcral other refpefts, the caufes of which have 
not yet been fufficiently examined. In particular, 
the iron of certain ores, efpecially if the fufiori in 
the fmelting furnace has not been continued a 
fufficient time, has the quality of breaking in 
pieces under the hammer when ignited. This is 
called rcd-lhort iron, and is fuppofed to contain 
arfenic. 

D Such iron as contains the phofphoric acid, is 
malleable when ignited and brittle when cold. 
This is called cold-Oiort iron. 

E The vitriolic acid diflbives iron readily, and 
forms vitriol (178, u). This fait in folution is 
deprived of phlogidon by the contaft of air, and 
the iron is by that means rendered lefs foluble in 
the acid (23J, i). A quantity of ochreous matter 
or calx, therefore gradually falls to the bottom in 
that cafe, and the liquor, as well as the cryftals, 
obtained from it by evaporation, are paler. 

f Dilute nitrous acid diiTolves iron and forms a 

faline combination incapable of cryftallizing. 

& prong nitrous acid cerrodes anci dephlogifticates 

a a con- 



FSRRUCmEOUS COMPOUNDS. 26^ 

a confidtrable quantity of iron, which falls to the 
bottom. 

' Marine acid likewife diffolves iron, and forms an c 
incryftallizable compound. 

The Pruffian acid precipitates iron from its h 
jfolutions in the form of Pruffian blue (208, w). 

\jalls and other aftringent vegetables preci- i 
pitate iron from its folution in the form of a deep 
blue or purple fecula, of fo intenfe a colour as to 
appear black. The infufion of galls, and alfo the 
Pruffian alkali, are tefts of the prefence of iron 
by virtue of the precipitates they throw down. 
Acids diflblve the black precipitate caufed by 
galls : alkalis convert it into a brown ochre. A k 
good and durable black ink may be made by the 
following direftions : To two pints of water add 
three ounces of the dark coloured rough fkinned 
Aleppo galls in grofs powder, and of rafped log- 
wood, green vitriol, and gum arabic, each an ounce. 
, This mixture is to be put into a convenient veflel, 
and well fhaken four or five times a day, for ten or 
twelve days, at the end of which time it will be fit 
for ufes though it will improve by remaining 
longer on the ingredients. Vinegar inftead of 
water makes a deeper coloured ink ; but its aftion 
on pens foon fpoils them. 

Iron has a ftrong affinity with fulphur. If a i. 
bar of iron be Itrongly ignited and a roll of ful* 
phur be applied to the heated end, it will combine 
with the iron and form a more fufible mafs, wjiich 
will drop down. A veflel of water ought to be 

S 4 placed 
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placed beneath, for the purpofe of receiving and 
extinguifhing it, as the fumes would otherwife be 
inconvenient to the operator. 

M If a mixture of five or fix pounds of filings of 
iron be moiftcned with a fufficient quantity of 
water to form a pafte, it will, in a certain timci 
fwell, become hot, melt, fume, and even take 
fire. * The refiduum furnifhes martial vitriol. This 
proceft is fimilar to the decompofitiop of the mart 
tial pyrites (171, dj 150, tj 124, n), Thcwater 
feems to be peceflary to enable the acid to aft op 
the iron. 

n Iron may be allayed with all metals, except leadt 
and mercury. Its own valuable properties, how- 
ever, render it unneceffary to mix it with other 
metals. A coating of tin defends it from rutting 
by the aftion of the air and other folvents, and is 
accordingly much ufed. 

o Tin is a metal of a yellowifh white colour, 
not fubjeft to ruft, though its fcraped or poliftied 
furface foon lofes its brightnefs. It is not quite 
fo foft as lead, has not much tenacity, and is the 
leaft heavy of any of the incire metals. Under 
the hammer it is beat into leaves of about the 
thoufandth part of an inch in thicknefs, and might 
eafiiy be beaten to lefs than half that thicknefs, 
if the purpnfes of trade required it. J-iOng be- 
fore ignition, it melts at about the 410th degree 
of Fahrenheit's thermometer, and by continuance 
of the heat, flowly calcines into a white powder. 
Yin, like lead, is brittle when heated almoft to 

fufion. 
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-^Rifioiij and being broken by the blow of a ham- 
mer, exhibits a grained or fibrous texture. It 
may alfo be granulated by agitation, at the time 
of its paffingfrom a fluid to a folid date (247, k). 
Its calx refifts fufion more than that of any other 
metal, and from that property it is ufeful to form 
$n opake white cnameli when mixed with pure 
glafs in fufion. 

The largeft quantities of tin are found in the p 
county of Cornwall in England. It is alfo found 
in Saxony, Bohemia, and the peninfula of Malacca 
in the Eaft-Indies ; but rarely in any other coun- 
ties in fufficient quantities to pay the charges of 
working. Native tin is feldom met with. The 
ores of tin are almoft always calces of that metal 
in a cryfl:allized form, bedded commonly in a fili- 
ceous matrix. Such are the white tin fpar, the 
4)pake brown or black ore, the garnet ore, which 
abounds with iron, and the tin fl:one. Thefe are 
4II much heavier than any unmetallic fubfl:ance. 
Tin has been found in Siberia, united with fulphur. 

Tin ores, when impure, are cleanfed from he- q^ 
tcrogeneous particles by pounding and wafiiing 
(229, t). a flight previous roafting renders 
the ftony admixtures more friable; and when 
arfenic is contained in the matrix, it is driven off 
by a ftrong heat, continued for a fliort time, the 
pre being frequently fl:irred to prevent its fufion* 
In the fmelting, care is taken to .add a larger quan- 
tity of charcoal than is commonly ufcd in other 
fufions i and, to avoid a greater heat than is ne- 

ceflaiy 
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ceiTaiy to reduce the ore^ in order that the lofs 
of metali which would otherwife happen by calci- 
nation^ may be prevented as much as pofllble. 

R Concentrated vitriolic acid diflblves tin in a 
boiling heat. During the folution^ vitriolic add 
air efcapes^ and fulphur is formed in dark coloured 
particles, which are faid to fublime in their 
proper form * in the neck of the retort. 

s Nitrous acid afts very powerfully on tin. To 
obtain a perfedt folution, the metal mud be ad- 
ded a very little at a time, and all heat avoided^ 
for if much tin be put in at once, the cor- 
rofion takes place with great rapidity and heat^ 
and the metal is deprived of fo much of its phlo- 
gifton, that it falls to the bottom in the form of 
a white calx, infoluble in acids (^^^^ i)» ^nd of 
difficult reduftion. The fait, formed by the unicm 
of tin with the nitrous acid, burns and fparkles ia 
a red heat. 

T If cryftals of cupreous nitre (252, z) be grofly 
pulverized, moiftened, and rolled up in tin-foil, the 
fait dcliquefces, and the nitrous acid begins to ad 
on the tin with heat, nitrous fumes are emitted, 
the cupreous nitre takes fire, and burns likewife 
the newly formed portion of nitrated tin. 

u Marine acid diflblves tin with the affiftance of 
heat, and affords cryflals by evaporation. If cor* 
rofive fublimate be added to tin, divided by pre- 
vious amalgamation with mercury, the marine acid 
combines with the tin, and comes over by diflil* 

* Neumann. 
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stion^ in the form of a ftrong fmoking liquid, 
vhick, if diluted with water, grows opake, and 
iepofita calx of tin. 

Aqua rcgia diffolves tin direftly, and when v 
loaded with that metal, has a gelatinous appear- 
iftcc. This folution is ufed by dyers for heighten-- 
ing the colours of cochineal, gum-lac, and fome 
other red tindtures, from a crimfon to a bright 
fcarlet, in the dying of woolens. 

Tin combines with fulphur by fufion, and forms w 
a brittle mafs lefs fufible than pure tin. If the x 
aoudgam of tin, with half its weight of merciuy, ' 
be fet to fublime with fulphur and fal ammoniac, 
each equal in weight to the mercury, the whole 
being previouQy well mixed in powder, a Ipark- 
ling gold- coloured fubftance is obtained, which 
confifts of tin and fulphur, and is called aurum 
mufivum. The procefs is thus explained: 
as the heat increafes, the tin, by greater affi- 
nity, unites with the marine acid of the fal* 
amnK)niac, and fets its volatile alkali at liberty, 
which flies off, together with a portion of the ful- 
phur, in the form of an hepar. The falited tin 
rifes by fublimation, and is found adhering ^to 
the fides of the veflel. The mercury, which was 
only added to divide the tin, combines with part 
of the fulphur, and forms cinnabar, which alfo 
fublimes. And the remaining fulphur, with the 
remaining tin, forms the aurum mufivum, which 
occupies the lower part of the vejQTel. It is ufed a$ 
a pigment, 

Tin 
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Tin unites with all the metals. Clean iron 
plateSj dipped in melted tin, become covered with 
a thin coating of that metal, and form a very 
uleful material for madcing wholefome kitchen 
utenfils, and other articles. In performing this 
bufinefs it is found neceffary, either to dip the 
clean iron previoufly in a Iblution of fal-ammo- 
niac, or to keep the furface of the tin covered 
with fat and pitch, in order that the appofition of 
the two metals may not be prevented by the calces 
that the contadt of air might form on their fur- 
faces. Thefe plates, which poflefs the cleanlinefs 
of tin, added to the rigidity of iron, are much 
ufed. In England they are called tin plates. 

Pewter is a compound metal, whofe bafis is tin. 
The beft pewter confiils of tin allayed with a quan* 
tity not exceeding one twentieth of copper, or 
other metallic bodies, as the experience of the 
workman has ihewn to be moll conducive to the 
improvement of its hardnefs and colour. The in- 
ferior forts of pewter contain much lead, have a 
bluifh colour, and are foft. 

Ufeful compounds are made with tin, and a 
large proportion of copper (254, m). 
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CHAP. XIX. 

OF THE SBMI-METALS, BISMUTH, NICKEL, RE- 
GULUS OE ARSENIC, COBALT, ZINK, REGULUS 
OF ANTIMONY, OF MANGANESE, OF WOLFRAM, 
AND OF MOLYBDENA. 

TDISMUTH is a yellowifh or reddifli white b 

femi-metal, little fubjedt to change in the 
air. It is fomewhat harder than lead, and fcarcely, 
if at all, malleable, being ealily broken, and even 
reduced to powder by the hammer. The internal 
face, when broken, appears compofed of large 
ihining plates, difpofed in a variety of pofitions* 
It melts at the 460th degree of Fahrenheit. Thin 
pieces are confiderably fonorous. 

This femi-metal is often found native. Its ores c 
are either calciform or fulphureous. 

Bifmuth is fcarcely foluble in the vitriolic acid, d 
and ftill lefs in the marine. Nitrous acid or aqua 
regia diflblves it. The addition of pure water 
precipitates its calx, and is the criterion by which 
bifmuth is diftinguiftied and purified from all other 
metals. This white calx, called magiftery of bif- 
muth, or Spanifh white, is ufed as a paint for the 
complexion, which however it gradually impairs. 

Mod metallic matters unite with bifmuth, and s 
are rendered more fufible by the addition. It is 
ufed in making pewter, printers types, folder, &c. 

The 



The great fufibility of the mixture of bifmuth, 
tin, and lead (232, c), renders it of admirable 
ufe in making collars for the axles of ibme me- 
chanical inftruments to run in. 

F Nickel is a femi-metal of a reddifh white co- 
lour, of great hardnefs, fcarcely yielding to the 
file, and of an uniform texture. It is very diffi- 
cult to purify it, and is fuppofed, even ivhen as 
pure as it has hitherto been obtained, to contain 
iron, as it is magnetical. It is maUeable^ and 
fcarcely more fufible than pure iron. 

G The vitriolic and marine acids do not eady 
attack this femi-metal. The nitrous acid and 
aqua regia diilblve it readily. Its fblutions are 
deep green. 

H Regulus of arfenic is of a bright yellowiih 
white colourj fubjcft to tarnifh, and become black 
by expofure to air ; very brittle, and of a lamel- 
lar texture. By heat it fublimes partly in the 
form of calx,' and pardy unaltered. The fumes 
are dangerous, and have an oflfenQve finell^ re- 
fembling garlick. 

I The arfenic met with in commerce is brought 
chiefly from the cobalt works in Saxony, for mak- 
ing zafire and fmalt. The arfenic contained in 
great quantity in cobalt ores, is driven off by 
long torrefadion. Thefe fumes pafs into and ad- 
here to the fides of a very long chimney, con- 
ftrufted for that purpofe. Arfenic is a calx of the 
regulus, and contains no fixed air. It is fo far in 

a faline 
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a laline date as to be foluble in eighty times its 
weight of water. 

The regulus is obtained from this calx, either k 
by quickly fufing it together with twice its weight 
of foft foap and an equal quantity of mineral alkali, 
pouring it out, when fufed, into an hot iron cone 5 
or by mixing it, in powder, with oil, and diftilling 
the whole gradually to drynefs. The regulus 
fublimes towards the end. This procefs is too 
ofFenfive to be made but in the open air. 

White arfenic previoufly divided by folution in l 
boiling marine acid, is fo far dephlogifticated by 
repeatedly pouring nitrous acid on it, and diftilling 
it off, and at laft raifing the heat to ignition, that it 
becomes an acid, in the form of a concrete white 
mafs, very foluble in water, and poffefling peculiar 
properties. This is the arfcnical acid. 

The dephlogifticated marine acid (191, s,. t) m 
likewife dephlogifticates the arfenical calx, and 

produces the arfenical acid*. 

The vitriolic acid diffolves the regulus of m 
arfenic by boiling. The marine acid and aqua 
regia alfo diffolve it by heat. Nitrous acid de- 
phlogifticates it (27 1 J l). 

Arfenic in any form is a moft ftrong poifon. o 
Cobalt is a femi-metal of a bluifti grey colour, f 
of confiderable hardnefs, and very brittle. When 
well purified it is nearly as infufible as iron. Its 

* Thefe procefTes are amply defcribed in Scheele's Chemical 
EiTays. London, 1786. 

ores 



ores are either calciform, or it is mincralizc^d wkh 
the vitriolic or arfenical acid. They moftly 
abound with arfenic^ and contain blfmuth^ iron^ or 
other metallic matters. 

Thefe ores have not been found in plenty, or 
at leaft worked to advantage, except in Saxony. 
They are valued for the beautiful blue they impart 
to glais, and are manufaftured on the fpot into 
Mffre and fmalt. The firft confifts of the calx of 
cobalt fimply mixed with pulverized flints, moiften- 
cd and preflTed into calks. ^ The latter is the fame 
calx fufed into glafs with vitrifiable earth and 
alkali, and reduced to a fine powder, by quenching 
in water and levigation, or rolling in a mill. 

Cobalt is eafily foluble in the nitrous acid or in 
aqua regia, to which it imparts a red colour. 
The vitriolic acid fcarcely afts on it, unlefs boiling 
and highly concentrated. The marine acid has no 
aftion on the regulus, but diffolves the calces. 

Zink is a white femi-metal, not fubjeft to ruft in 
the air, harder than either lead or tin, malleable in 
a certain degree, and fo tough that a thin piece 
mav be bent feveral times backward and forward 
before it breaks. Its frafture exhibits fhining 
facets. Some time before ignition it melts ; when 
ignited it becomes covered with a ^ white calx, and 
on the heat being raifed and the furface of the 
metal uncovered, it burns with a very bright 
flame, at the fame time that part of the calces are 
driven up in the form of a white finokc, which floaw 
in the air. 

The 
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The ores of zink are cither calces, as the zink- t 
ipar, and calamine; or mineralized with fulphur, as 
in pfeudo-galeha or black jack, and blends of vari- 
ous colours. The fulphureous ores require torrefac- 
tion. Zink is obtained from its ores by diftillation 
with charcoal, in clofed veffels in a reverberatory 
furnace, the conftruftion being peculiarly adapted 
to preferve this volatile and inflammable metal 
from being diflipated or calcined. 

Zink is readily difTolved in acids. Whire vitriol u 
(179, y) is the only faline combination of this 
metal found in commerce. 

Sulphur has no aftion on this femi-metal : v 
whence it is eafily purified, by burning iiilphur on 
its furface when in fuGon. Thefc two fubftances 
arc united in ores by the medium of iron. 

Zink is chiefly ufed in making brafs and other w 
metallic mixtures of the like nature (253, k, l). 
It is likewife ufed as a folder, and known by the 
name of fpelter. 

Regulus of antimony is of a filvery white, not x 
fubjeft to ruft, very brittle, and of a fcaly or plated 
texture. It melts foon after ignition, and by a 
continuance of the heat becomes calcined, and 
rifes in the form of white fumes. By a more 
moderate heat it is converted into a grey calx, 
fufible into a kind of glafs. 

The moft common ore of this femi-^metal is the y 
fubftance called antimony. It contains fulphur in 
combination with the regulus, is of a dark bluifh 
(neuUic colour, and its fra&ure refembles long 

Vol. XL T fliining 
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^iining needles. The regulus may be obtained by 
torrefaftion, by which the fulphur is driven off, and 
fubfequent fufion with inflammable matters. In 
the fmall way, four parts of antimony with three 
parts of tartar and one and a half of nitre are thrown 
a little at a time into a red-hot crucible, and the 
heat raifed at the end fo as to fufe the mafs. The 
detonation confumes much of the fulphur, and the 
phlogifton of the tartar revives a confiderable part 
of the regulus which is found at the bottbm of the 
crucible. Or antimony may be thrown on half 
its weight of fmall pieces ''of iron or nails, firft 
made white hot in a crucible, and the heat being 
fuddenly raifed, after having covered the crucible, 
the mafs melts, regulus of antimony being at the 
bottom, and the iron combined with the fulphur at 
the top. 

The mineral acids diflblve regulus of antimony 
difficultly. The marine acid has very little efFeft 
on it ; but it is foluble in a confiderable degree in 
an aqua regia, confiding of feven parts nitrous and 
one marine acid, or in a mixture of the vitriolic 
and marine, or even of the vitriolic, and nitrous 
acids. 

Much labour has been beftowed on this femi- 
metal by the alchemifts. It furnifhes fome very 
powerful remedies, but its medical preparations 
require the greateft care and attention ; becaufe 
variations appa;;ently of Imall importance in the 
proceffcs are fu|ficient to render its efFefts uncer- 
tain, and even highly dangerous. 

3 Regulus 
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Regulus of antimony is ufed in various metallic b 
mixtures, for printing types, fpeculums, &c. 

The rcgulus of manganefe is a femi-metal of a c 
dufky white colour when newly broken, which 
grows brown by fpontaneous calcination on expofure 
to the air. It appears to be lefs fufible than iron, 
the larger pieces being fcarcely ever globular. It 
is very hard and brittle, and lofes its phlogifton in 
time, fo as to fall fometimes into a brownifh black 
powder, heavier than the regulus ; a circumftance 
which does not happen when it is inclofed in a 
dry, well corked bottle. Its powder is magnetic. 

Manganefe is the calx of this femi-metal. Its , d 
colour is either white, blue, green, yellow, red, 
brown, or black, according to its lefs or greater 
dephlogiftication and the nature of the fubftances 
it may be contaminated with, of which calx of 
iron is the chief. The brown or black calx is too 
much dephlogifticated to be foluble in acids, and 
attrafts phlogifton more ftrongly than any other . 
liibftance, except pure air and nitrous acid. 

If a globule of microcofmic fait be melted on a E 
piece of charcoal, by means of the blow pipe, and 
a fmall portion of the black calx of manganefe be 
added, a glafs will be formed of a bluifh red, or 
if the pr6portion of manganefe be greater, of a full 
red. The tinge will however totally difappear if 
the fufion be continued with the interior or well 
defined apex of the flame. The brown or exterior 
part of the flame reftores the colour. And this 
may be repeatedly done. The fmallcft particle of 
^ . T 2' ni,tre 
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nitre added to the clear glafs inflantly reflores th^ 
red colour: but vitriolic falts contribute to dif- 
cjiatge it^ as do likewife metallic calces^ though 
thefe communicate each a tinge peculiar to it- 
felf. 

The explanation of thefe fafts appears to be this : 
the proper tinge communicated to glafs by calx of 
raangancfc, when highly dephlogifticated, is red 5 
but manganefe with a greater proportion of phlo- 
gifton is colourlefs. The fufion by the interior 
apex may be coniidered as a fufion in a clofe 
veffcl, becaufe the furrounding flame defends the 
globule from the contadt of the air on the greater 
part of its furface. The phlogifton it receives 
from the charcoal is therefore retained^ and pro- 
duces the eflTedt of rendering the globule tranf- 
parcnt. But when the exterior ' flame is ufed, this 
is not the cafe i for the circumambient air, touch- 
ing the globule in a much larger part of its fur- 
face, tends to dephlogifl:icate it with more energy, 
and would carry ofi^ more phlogifton than the 
fmall furface of contaft between the globule and 
the charcoal is capable of fupplying. The colour 
therefore returns. The nitrous acid in nitre 
dephlogifticates the manganefe. Vitriolic falts arc 
decompofed and become fulphureous by conta^l 
of the charcoal, and thus convey phlogifton. 
Metallic calces, as well by the fixed air they con- 
tain, as by their own nature, have more phlogi- 
fl:on than the calx of manganefe, and therefore de- 
ftroy the red colour. That thefe changes do not 
2 depend 
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depend on the greater or lefs quantity of phlogi- 
fton that may be fuppofed to be imparted by the 
interior or exterior apices of the flame^ is clear> 
from the changes not taking place when the glo- 
bule refts on a fupport of pure gold or filver. 

The fame 'phenomena with fomll variation take o 
place in other glafles. Hence a principal ufe of 
manganefe is made by the glafs-makers, in clearing 
their glafs from the green tinge imparted to it by 
calx of iron, from which they cannot with fuf- 
ficient facility free the materials they ufe. The 
green colour arifes from a calx of iron not fuffi- 
ciently dephlogifticated j manganefe being there- 
fore added in a certain dofc, receives enough of 
phlogifton to render the glafs colourlefs, as well by 
the dephlogiftication of the calx of iron as by its 
own phlogiftication. But if the dofe be not duly 
proportioned, either its own fed colour or the 
green will prevail j the latter of which is thought 
to be the bed. 

A remarkable effeft of the ftrong attradtion of h 
the calx of manganefe for phlogifton, is feen in the 
ore called black wad, from Derbylhire. It is 
a brown pulverulent mafs, and ufed as a pigments 
3f half a pound of this be dried before a fire, and 
afterwards fufFered to cool for about an hour, and 
then two ounces of linfced oil be gradually poured 
on it and loofcly mixed, in fomewhat more than 
half an hour the mixture will grow gradually hot, 
and at laft burft into a flame. This effect feems 

T 3 tor 
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, to be analogous to the inflammation of oils bf 
nitrous acid ( 1 88, d). 

r The vitriolic acid attacks the regulus of man- 
ganefe, and extricates inflammable air* - A Ipongy 
fubftance, of the fame figure as the regulus, how- 
ever remains, which is probably an impurity. 
Alkalis precipitate a white calx foluble in acids. 

K The black calx when well calcined is fparingly 
taken up by the vitriolic acid, and this portion 
feems to be that which had not been well cleared of 
its phlogifton i for the remainder altogether reje<£t6 
the acid. That this calx in infoluble (233, i) for 
want of a due proportion of phlogifton, is rendered 
clear, by adding fugar, honey, or any phlogiftic 
fpbftance, as by th^t means the folution is pro- 
moted ^nd completed. The metals, not excepting 
even gold itfelf, produce the fame efFeft, 

X- The nitrous acid diflolves regulus of manganele 
with efFervefcence, occafioned by the produ6tion 
of nitroi:s air. A fmall rcfidue is left. This acid 
gfts very fparingly on the black calx. 

M The marine acid diflolves the rcgukis and alfo 
the white calx. Jt likcwife takes up :he black calx, 
which communicates to it a red colour, and takes 
as puch phlogifl:on from the acid z,?. is neccflary to 
its folutiop. The dephlpgifticatcd part flits off* in 
yellow vapours, fmellihg like aqua regia (191, s). 

>y Regulus of wolfram * is a britde femi-metal of 

* The difcovcrics pf Sc.ieele, Bergman, and the De Luyart^ 
ijre to be found in *' A Cliemical Analyfis of Woifram," 
printed in Loudon in tlic year 1785. 

afteel 
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^ fteel colour. Its fpecific gravity exceeds that of 
eyery other body in nature, except platina and 
gold (17, w) ; and it has not been fufcd into any 
mafs of confiderable magnitude, being more re- 
faftory than iron or minganefe. 

The ores of this femi-metal are the tungften, a o 
ponderous fubftance of a grey colour and lamellaf 
texture, containing the metallic calx, or acid united 
to about its own weight of calcareous earth: and p 
wolfram, a mineral of a ftill greater fpecific gravity, 
of a brownifh black, always opake, internally 
fliining, almoft like a metal, and of a cryftallized 
form. This laft is only found jin tin mines, and 
contains about two thirds calx of wolfram, to- 
gether with the black calx of manganefe and calx 
of iron. 

If pounded wolfram or tungften be digefted in q^ 
, the marine acid, the manganefe and iron of the 
former, or the calcareous earth of the latter will 
be taken up in part, or extrafted from the external 
parts of the molecules!. The refiduum, after 
cdulcoration with water, being digefted with vola- 
tile alkali, the wolfram calx, or acid, will be 
taken up in part, or extracted from the furface. 
The refidue, after edulcoratlon, will be again 
afted upon by the marine acid, which feizes ano- 
ther ftratum of particles that were in the former 
digeftion defended from its aftion by the. wolfram 
calx, which the digeftion in volatile alkali has re- 
moved. Volatile alkali being again applied, and 
the alternation continued for many yiciflicudes, 

T 4 the 
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the mineral becomes almpft entirely diffolved 5 the 
portions of acid contain either the calces of m^- 
ganefe. and iron, or calcareous earth according to 
the mineral made ufe of j and the volatile alkali 
contains the acid of wolfram. The addition of 
nitrous 4cid to this laft precipitates a fait, /confifting 
of the calx of wolfram, volatile alkali, and nitrous 
R acid. This fait is foluble in water, though fparingly, 
^nd has acid properties. The firft difcovercrs, 
Scbeele and Bergman, called it acid of tungften^ 
s Fufion of the ore with vegetable alkali, with 
folution in diftilled water, will afford a folution of 
the calx of wolfram in the alkali. This being 
evaporated to dryncfs, may be deprived of the 
alkali by boiling with nitrous acid and decarita- 
tion, for two or more times. The adhering acid 
may be driven off by calcination, and leaves the 
pure calx of a brimftone yellow. The fame cal^ 
is alfo obtained by calcining the precipitate 
(280, r) from volatile alkali, the nitrous acid and 
the alkali being driven off, 
T The pure calx is not foluble in water, but 
makes, by trituration, an emulfion of fufBcient 
fubtlety to pafs the filtre, and which docs not en- 
tirely fubfide in three months. It h^s not this 
effed with die vitriolic, nitrous, and marine acid§, 
It is completely foluble in cauftic vegetable al- 
\j kali, by the moifl: as well as the dry way, A fo- 
liation in water, and alfo in volatile alkali, of the 
precipitate by nitrous acid, from the volatile al- 
kali being added to lime-water^ regenerates tung- 

ften, 
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en> the acid and alkali being, found in the fuper« 
uent liquor. 

- -.From the ftrong difpofition of the calx of wol- v 

ram to unite with alkalis and with calcareous 

arth, and its infolubility in acids, it may properly 

confidered a^ a metallic acid, though it may 

ot be fufficiently dephlogifticated to exhibit all 

lie ufual properties. 

By treatment in a crucible with charcoal, with v 

ftrong heat, the calx of wolfram is revived into 

regulus, being a brown mafs, confifting of a con- 

eries of metallic globules, with a iofs of two fifths 

f its weight. Calcination turns it yellow as before, 

and its weight becomes augmented about one 

diburth. 

This regulus is infoluble in the vitriolic and w 
annarine acids. The nitrous acid, and aqua regia 
idephlogifticate it, and convert it into the yellow 
<alx (280, s). It mixes with other metals, and 
iprms peculiar alloys. Its calces tinge glafs. 

Molybdena is a mineral fubftance, rcfembling % 
plumbago, but its laminas are larger, brighter, 
and in fome degree flexible, fo as to be very dif- 

ficilltly reduced to powder. In an open fire it i$ 
almoft entirely volatile. It is compofed of fuU 
phur combined with a metallic acid. No acid$ 
aft on it but the arfenical and nitrous. The firft 
combines wirh its fulphur, and forms orpiment; 
the latter, five times diftilled from it, carries off 
the phlogifton, and leaves the molybdenous and 
vitriolic acids. This laft acid may be wafhed off 

with 
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with water, which at the fame time carries off a 
portion of the acid of molybdena. 

This acid is in a white dry form, very Iparingly 
foluUe in water. It has all the general , proper- 
ties of acids, and others peculiar to itfelf. It is 
precipitable from its folution in water by PrujEan 
alkali, and by galls. Diftilled with three times 
its weight of fulphur, it again produces molyb- 
dena. 

It has been reduced into a metallic form. 



CHAP. XX. 

CONCERNING HEPATIC AND PHOSPHORIC AIRS; 
PYROPHORI ; THE PHOSPORUS OF BOLOGNA, 
OF BALDWIN, AND OF CANTON; OILS, AR- 
DENT SPIRIT AND ETHER. 



A 



WHEN an acid is added to any hepar 
of fulphur, whether the bafe be a fixed 
(176, r) or a volatile alkali, or calcareous earth, 
part of the fulphur is feparated and falls down, 
. and part receives a fufEcient portion of heat to 
give it the aerial form. This air is called he- 
patic air. It is fomewhat heavier than at- 
mofpheric air ; is inflammable when mixed with 
two thirds of common air; is foluble in water, 
though not permanently fo : for the fulphur is gra- 
dually depofited in the courfe of a few weeks. It 

has 
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has the properties of a weak acid. Water fatu- 
rated with this air turns filver black. 

Phofphorus, heated ♦ with a folution of cauftic K 
fixed alkali, affords air, in fome refpefts rcfein- 
.bling fnlphureous hepatic air. It takes fire, fpon- 
taneoufly on communication with the atmofphere. 
Bubbles of this air, efcaping through mercury, 
flame, crackle, and fmell like the cleftric fpark. 
It is (lightly foluble in water. 

There are many compofitions that take fire on c 
expofure to refpirable air. They are called pyro- 
phori. One of the beft is thus made. Two 
parts of burned alum, or alum kept in a red heat 
till it has ceafed to expand and fwtll; one part of 
charcoal, and one part of vegetable fixed alkali 
being mixed in powder, are to be lightly prefled 
into the bowl of a tobacco-pipe, or a fmall cru- 
cible, fo as to fill it about half or three fourths; 
the remaining fpace is to be filled with fine writing 
fand, for the purpofe of preventing the immediate 
accefs of air. This vcflel being placed in a good 
fire, the fand is agitated for a few minutes by the 
efcape of elaftic fluid, and foon afterwards a blue 
flame is feen to ifiue from the mafs, which con- 
tinues about a quarter of an hour. The red heat 
being continued for twenty minutes or longer, after 

.* This experiment is dan^ercms, from ^he probabiRty of 
the veiTel exploding, and the fubfequent inflammation of iti . 
contents. Small quantities of the materials may probably be 
managed without riik. Sjee Kirwan on Hepatic Air. Phil.' 
Tranf. for 178 J. 

this 
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this appearance has ccafed, the veffel may be taken 
. out of the fire, and when it is perfeftly cool, the pyn>. 
phorus may be knocked out, and muft be immediately 
■put into a well clofed phial. A piece of this expofed 
to the air for a fhort time, becomes ignited, with Ibmc 
.flight appearances of deflagration, and an hepatic 
D fmell. The particular or immediate caufe of the 
accenfion of pyrophori has not been well ex- 
plained. It feems as if the phlogiftic fubftance 
made ufe of, enters into the compolition of an' 
hepar, in which the connexion of the inflammable 
principle is fo flight, that it can unite with pure 
air with fufiicient rapidity to produce ignition and 
combuftion (125, n.) 
£ It is a very general property of bodies, after 
cxpofure for a fliort time to light, to emit it again 
for fome time after it ceafes to fall upon them, 
as is eafily proved by receiving them in a darkened 
room. Metals and water have not this property*, 
neither do ores, vitriols, or oil, poflefs it in any 
confiderable degree. Other bodies poflfefs it in 
various degrees. Heat caufes the light to be 
emitted more quickly, and confequently with 
greater intenfity while it lafts, but the luminous 
appearance does not take place at all by mere 
F heat without previous expofure to light. It is 
faid, that coloured light is emitted again of the 
fame colour. Among fubftances that poflfefs 
this property in a remarkable degree, the chief 
are vitriolated ponderous earth, or ponderous 
fpar, previoufly ignited among charcoal 3 called 

* Prieftley's Optics, p. 369. 

the 
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the Bolognian phofphorus: nitrated calcareous 
earth, after ignition; called Baldwin's phofpho- 
rus; and calcareous earth ignited with fulphur. 
This laft: is called Canton's phofphorus, and is 
thus nnade. Calcine oyfter-fhells, by keeping g 
them in a good fire for half an hour or more, 
and let the whiteft part be pulverized and fifted. 
With three parts of this powder noix one part of 
flowers of fulphur. Let the mixture be rammed 
into a crucible of about one inch and a half in 
depth, till it be almoft full, and let it be placed 
in* the middle of the fire, where it muft be kept 
red hot for one hour at leaft, and then fet by to 
cool. When it is cold, turn it out, and cutting 
it into pieces, fcrape off or fcled upon trial the 
brighteft parts, which, if good, will be a white 
powder, and may be preferved in a dry phial 
with a ground ftopper. Expofure for a few fc- 
conds to the light of the day, will caufe it to Ihine 
in the dark -, or it may be rendered luminous by 
an electric explofion made near it. 

Oils are liquids, in general lefs fluid than water, h 
and remarkably lefs fonorous when poured out. 
When heated fo as to fume, they are eafily fet on 
fire, and burn with a luminous flame. If the 
combufl:ion be not managed fo that reipirable air 
may have fufficient accefs to all parts of the flame, 
much fmoke is produced. They leave a coal be- 
hind. 

In the combufliion of oil, for the oeconomical i 
purpofe of giving lights a wick is made ufe of, 

confining 
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confifting of vegetable fibres, ufually C6tt6tig ' 
Thefe being dipped in the oil, one end of the wick ; 
is oiade to protrude, and is fet on fire. The or- ] 
pillary attraftion (i 46, w) fuppiies more oil, 
accordingly as that in the heated part of the wick 
is carried off by the rarefaftion and combuftion. 
If the wick be too large, the internal part of the 
flame will want air; if it be too long, more oil 
will iff.ie out of its pores in vapor than can be 
completely burned. In either cafe fmoke will be 
produced. But by a due attention to the figure 
and magnitude of the wick and the fupply of air, 
a bright flame may be produced without fmoke. 
This is done in the excellent lamp of Argand. 

Oils afford phlogifton, aerial acid, and water. 
They are diftinguifhed into the unguinous and ef-' 
fential. The former are infipid, and without 
fmell, not foluble in ardent fpirit, nor volatile in 
the heat of boiling water. Acid of fugar has 
been obtained from them. The latter have a 
ftrong fmell and tafte, are foluble in ardent Ipirit, 
and volatile in the heat of boiling water. Ajiimal 
fats rcfemble unguinous oils, excepting tfac oil 
obtained by diftillation from the gelatinous fub- 
ftance of animals. This may be brought to re- 
femble ether by repeated diftillations. Refins arc 
of the nature of effential oils. 

Spirit of wine, or ardent fpirit, is obtained by 

dift.llation from fubftances that have undergone 

the vinous fermemauon (212, f, h), and are not 

arrived at the acetous. When well concentrated. 

• 
It 
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it IS very volatile and fluid, has never yet been con- 
gealed, mixes with water in all proportions, and 
with an affinity fufficiently powerful to take it 
from moft faline fubftances -, highly inflammable, 
fo as to burn without a wick, even when cold, and 
produces neither foot or coal. Its flame is bluifb, 
and not very luminous. 

It afFords phlogiflon and water, which are pro- m 
bably united by fome acid. 

Ardent fpirit unites with acids, and renders n 
them milder than can be fuppofcd to arife from 
mere dilution. 

• If vitriolic acid be added to fpirit of wine, and o 
the mixture fubmitted to diftillation, the products 
are firfl: a very pure fpirit of wine, next a liquor 
called vitriolic ether, and, laftly, an oil. In this 
procefs it appears, that the aftion or combination 
of the acid is capable of converting the fpirit into 
oily and that ether is an intermediate fubfl:ance be- 
tween fpirit and oil. 

Ether is foluble in ten times its weight of water, p 
It is extremely light (i8, w), and fo volatile, 
as to convert water into ice in a warm room, if 
the water be included in a fmall bottle, or tube, 
conftantly wetted on the outfide with this fluid 
(1^33 k). It is highly inflammable, burning with 
a white luminous flame, and fome appearance of 
foot, but leaves no coal. 

Ethers may be made with other acids as well as q^ 
the vitriolic. 

BOOK 
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SECTION II. 



Of Magnetifm. 



CHAP. I. 

CONCERNING MAGNETISM; THE METHODS OF 
COMMUNICATING IT, AND THE VARIATION 
OF THE COMPASS. 

A npHAT remarkable property which iron 
-*• poflefles, of becoming magnetical, feems 
to ftand alone among natural phenomena. It is 
the only inftance df permanent attraftion which 
is liifKciently ftrong to become the objedt of vul- 
gar attention j and philofophcrs obferve its effcds 
with furprife and admiration, while the moft cau- 
tious and rational are obliged to confefs that the 
caufe is entirely unknown. 

B A ftrait bar of iron, which in the northern 
parts of the world has flood a long time in a ver- 
tical polition, is found to have acquired the pro- 
perty of attrafting other iron at its extremities! 
and, if fupported in a veflel, fo as to float at li- 
berty upon water, conforms itfelf to a direction 
nearly in the plane of the meridian; the end, 

which 
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whidk during its perpendicular lituation was down* 
waxds, always pointing towards the North* This 
bar is faid to be magnetical; and the unknown 
caufe of thefe and other concomitant effefts is cal-^ 
led magrfetifm. 

Magnetifm may be given to iron, or rather fteel, c 
>y many methods. The difpofition to conform 
:o the plane of the meridian is called polarity, and 
8 of fuch importance in its application, that the 
nodem art of navigation could not be praftifed 
vithout it. The mariner's compafs is thus con* 
Irufted. A flat thin bar of fteel, rendered magne- 
:ical, is fattened underneath a circular card, di- 
nded into points (56, k), lb that the diredtionof 
its length may correfpond with the line n s (fig. 
132.) This bar is perforated in the middle; and 
in the perforation is fixed a brafs cap, hollowed 
out conically, which confequently is in the center 
of the card. The card thus provided with 4 
magnetical bar, is then fupported horizontally, by 
placing the cavity of the cap on an upright me- 
tallic point, and is therefore at liberty to revolve 
into any horizontal pofition. But the bar, which 
is ufually termed the needle, conforming itfelf to 
the meridian, caufes the fleur de lis of the card 
to point to the North : confequently, the other 
divifions muft denote the refpeftive bearings df 
the points of the compafs. This card being thus 
fuipended in a hollow box^ and defended from 
the. wind by a pane of glafs, with the addition of 
a contrivance to prevent the efFcds of the agita* 

Vol. II. U tion 
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tion of the thip, is the mariner's compals; hf 
the help of which^ veflels are enabled to fteer 
their eourfe with fafety in the darkeft nighty and 
at any diftance from fhore. 

In the examination of the magnetifin of various 
bodies^ as> for example^ platina (240^ b) or 
nickel, it may be of importance to know the de- 
grees of magnetifm as difcoverable by experi- 
ment ; which are the following. The weakeft is 
when a body floating on water flowly follows a 
ftrong magnet, held almoft touching it ; the next 
is when the magnet can repel as well as attraft 
the body; a ftill ftronger degree is, when the 
body conforms its pofition to that of the magnet 
held over it ; the fifth is, when the body left to 
itfelf aliumcs a particular pofition, and returns to 
it. when difturbed ; the fixth is, when the body, 
taken out of the water, and brought near a light 
compafs needle, caufes it to deviate from the 
magnetic meridian. All ftronger degrees of mag- 
netifm may be obferved by lefs delicate methods. 

The ends of a fimple magnetical bar are 
called its poles; and that pole, which, when 
at liberty, would point to the North is cal- 
led the North-pole, and the other is called rfie 
South-pole. 

Univerfally, in two magnetical bodies or mag- 
nets, an attraftive force obtains between the North- 
pole of one, and the South-pole of the other, and 
a repulfive force obtains between poles of the fame 
name. But the repulfive force which exifts be- 
tween 
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tWeen poles of like nameSj but unequal power, 
is changed into attradion, when the diftance 
is fufficiently fmall. From thefe criterions it is 
eafy to dcterrnine the names of the poles of a 
mag^etical bar, by applying it near the fufpended 
magnet, whofe poles are known. 

If a bar of iron, which is not magnetical, be o 
held in a vertical pofition, in North latitude i its 
lower point becomes a North, and its upper a 
South pole i and thefe poles may be reverfed in- 
ftantly, and as often as required, by reverfing the 
poiitfon of the ends -, for the lower will always be 
North, and the upper South. But a few ftrokes 
with, a hapimer at the upper end, will fix the 
poles in their laft pofition, fo that, after the re- 
verfing it, the hammered end will ftill continue to 
be fouth, though loweft. Yet, the magnetical 
power is much the greateft when the hammered 
end is uppermoft, and the cfft& of the hammering 
difappears in a few hours. 

A bar of iron being fufpended on an axis, in a h 
very nice equilibrium, the North end preponde- 
rates when the bar is rendered magnetical, fo that 
it becomes inclined to the horizon, in an angle of 
about feventy degrees in thefe latitudes. This is 
called the dip, and decreafes in places more to the 
fbuthward, and even becomes inverted in places 
fituated confiderably on the other fide of the equa- 
tor. The bar thus fuljpended is termed the dip- 
ping-needle. 

U a Magnetifm 
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Magnetifm may be given to t bar of iron, hy 
placing it firm in the polition of the dipping- 
needle, and rubbing it hard all one way with a 
polifhed Heel inftrument. Iron alfo becomes mag^ 
netical by ignition^ and quenching it in water* in 
the pofition of the dipping-needle. 

The touch of a maghet communicates the like 
virtue to other iron, but the quantity or degree 
which the fame magnet can communicate, de« 
pends greatly upon the manner in which the touch 
is performed. If two equal, ftrait and uniform 
magnetical bars, with flat ends, be placed to- 
gether endwil'e, the contrary poles tduching each 
other, they will form one fingle naagnet, and will 
communicate a ftrong degree of magnetifm to 
another bar by the following procefs : let the laft 
mentioned bar be laid in the direftion of the 
magnetical meridian, and let the others, each of 
which ought to be at leaft as long as the bar to 
be impregnated, be laid upon it in their conjoined 
ftate, fo that the place of junftion may be over 
the middle of its length, and their poles in die 
proper direftion. Then feparatc the two magnets, 
by drawing them afundcr along the furface of thc^ 
bar, and continue to fcparate them till their ends 
are at a confiderable diftance from its ends. Join 
them again, without altering the fituation of their 
poles, by a circular morion of the hand, fo that 
they may meet at fome diflrance above the center 
of the bar, and lay them again upon it as before. 
' ^^ Repeat 
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Repeat this operation on both fides of the bar till 
it has acquired a fufficient degree of magnetifm. 
The maxiaium is generally obtained after twelve 
or fourt^n ftrokes. 

A bar of iron receives the touch more ftrongly l 
vdien it is fupported by, or in contact with, an- 
other much larger s and a combination of magne- 
deal bars will produce a much greater effe(5t than 
a.fingle one. Soft fteel acquires the magnetical 
power more readily, but does not preferve it fo 
long as hard fteel. On thefe, and other confidci- 
rations, experiments have been multiplied, and 
various methods invented of giving to fteel the 
utmoft degree of magnetifm it is capable of re-* 
Qciving. For example, fix bars of fteel may be m 
rendered flightly magnetical, by affixing each fuc- 
ceflively to a poker, and ftroking it feveral times 
fyxn bottom to top with the lower end of an old 
pair of tongs -, care being taken to keep both the 
pioker and tongs in a vertical poiitioa* For, theie 
utenfils, by long ftanding in a vertical polition, 
are almoft always pofTefled of a fixed magnetifm i 
the lower ends being North poles. Now, if four 
of the fix bars be united into a thick compound 
bar, the magnetifm of the remaining two may be 
greatly increafed by touching with it, Thefe two 
bars may then be fubftituted in the room of the 
two outermoft in the compound bar, which will 
become more powerful by the exchange^ and the 
two, which were taken from the compound bar, 
may be touched in their turn. Thus, by reiterated 

U 3 cKflivoj:^^ 
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ciianges,,and toudiing, the bars will at lengeH 
acquire as much magnetifm as they ^e fiifceptible 
of, and more than they can retain for any long time. 

The force of magnetifm is exerted (hrough all 
fubftances^ iron excepted^ and it h^s i^ot beca ob-t 
ferved^ that it fuffers the leaft diminution by the 
interpofidon of any foreign matter, Magnetifm 
is deftroyed by ignition s and a heated bar of iron 
is not attr^ded by the magnet till it is Juft upon 
the point of loQng its redneis, 

> This loaditone is a ponderous ore of iroRj^ 
ufually of a dirty bUck CQ^or^ ^nd har4 enough 
%o emit fparks with fteeL It is found in moft 
parts of the worid^ and poflefles ^ natural mag* 
netifm> acquired mof): prqbably from its fkuatioii 
or pofition with rcQ)e£t to the earth, This mag- 
netifm:, rpay be, as it were, concentrated, and 
made to a£t much more ftrongly by covering- its 
polar extremities with fteel^ The fteel thus ap- 
plied is termed the armour of the loadftone, anc} 
requires fome management, as to figure and thick- 
nefs, to produce the greateft poflible effedb. For-r 
merly all magnetifm was originally obtained by 
communication from fhe loadftone, but the power 
of impregnated fteel-bars fo much exceeds that 
of the natural ftone, that this latter is little eftecmr 
ed, except as an objedt of curiofity. The mag- 
netifm of the loadftone is in al| refpcdls fimilar %q 
that of a bar of iron or fteeL 

p The attradion or repulfion of two magnets de- 
crcafcs as the diftance increafes, but not according 
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" to any ratio of the diftance. On this account a 
magnetical bar, which is at liberty to aflume any 
horizontal pofition> as> for example, a needle 
floated on water by means of cork, or the needle 
of a mariner's compafs, being brought into the 
vicinity of 'anodicr magnet, will affume fuch a fi- . 
tuation as ihall conform to the atcraftive and rc» 
pulfive powers as much as poffible. Thus, if a 
fufpended magnecic^l needle be brought near an* 
other magnet, it will place itfelf in a poficion pa- 
i;allel to the axis of the magnet, if the poles of 
contrary names in each be niutually equidiftant 5 
but if the North pole of the .fufpended needle be 
nearer the Sputh pole of the magnet than the two 
other poles are to each other, its North end will 
be moil attrafted, and confequently mull: incline, 
£> that the axis of the two magnets will form an 
angle greater or lefs, according to circumftances. 
Suppofe now a fmall magnetical bar, fufpended fo q. 
as to be capable of aiTuming any pofition what* 
Ibever, be placed upon, or near the furface of a 
very large globular magnet. It is evident, in this 
cafe, that the two ends of the fmall bar, being re- 
ipedtively attraded by the contrary poles of the 
globe, will always be found in a plane pafling 
through thofe poles : or in other words, if circles 
or meridians be fuppofed to be defcribed on the 
globe, interfering each other in thofe poles, the 
magnetical bar mufl: always be in the plane of one 
of them. But its fituation, with regard to the 
Ipherical furface, will be governed by the excefs of 

U 4 attraction 
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attraftion in the neareft pole. If the bar [ be 
filfpendcd immediately over the North pole of the 
magnet^ it mu(t (land perpendicularly^ with its 
South end downwards; but if it be gradually re-» 
moved along the furface, towards the South pole^ 
tiie intreafmg a^ion of this laft pole will caufe it 
gradually to incline that way. At the equator i^ 
will reft parallel to the furface ; and in approach^ 
' ing ftill nearer the laft mentioned pole, its Nonh 
end will bcline towards the furface> till at length 
it will ftand perpendicularly over the South pole 
of the great magnet, with its North end down^ 
wards. For the lake of concifenels, the poles of 
the great m^net are fuppofed to be equally ftrong | 
which, however, is feldom the cafe. 
R This reafoning may be exemplified by placing a 
fmall piece of fewing- needle on the furface of a 
Ipherical niagnet or loadftone. Its pofition is 
found to vary according to its fituation with re- 
fpeft to the poles. For the fame reafons, fteel- 
filings, gently dufted through a rag upon a magnet, 
adhere tor it in a very curious and amufing man- 
ner. The filings, acquiring magnetifm by the 
contaft, adhere together, and form a number of 
fmall magnetSj which arrange themfelvcs in con- 
formity to the attra^ions of the poles pf the .ori- 
ginal magnet, 
s From obfervatiohs of this nature, it was very 
^ early fuppofed, that the globe of the Earth a6b as 
a large magnet, upon all other magnets : wkence 
they naturally tend to gonforo) to the meridian gr 

line 
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line which, joins the poles of the Earth. And the t 
dipping of the needle is readily Ihcwn to arife from 
the vicinity, and confequent ftronger attra£^ion of 
the pole towards which the inclination is made. 
The needle of the mariner's compafs varies from u 
the true diredion of North and South, The angle 
formed between the magnetical axis of the needle 
and the meridian of a given place is called the va- 
riation of the compafs, and differs in different 
places both in quantity and diredtion of the needle. 
From the phenomena of the variation it is proved, 
that the magnetic poles of the Earth muft be more 
in number than two, and that they do not coin- 
cide with the poles abou( which the diymal rota* 
tion is performed. 

The variation of the compafs does not continue v 
fixed and unalterable at a given place. Thus, at 
the Cape of Good Hope in Africa, near which, at 
its firft difcovery by the Portuguefe^ there if^ras no 
variation ; the North point of the compafs, in 
1622, varied about 2^. totheweftward: in 1^75, 
it varied 8^. W. in 1700, abput 1 1^. W. in 1756, 
about j8^. W. and in i7'74, ^wit 211^ W. 
Regular, though very different mutations have * 
been obfervcd ii| almoft every other place on die 
gl^. The needle of the compafs is likewife fub- 
]cQi to a fmall diurnal chaiige of pofition, and 
Is (bmetimes confiderably agitated dusing the ap- 
pearance of the aurora borealis. 

The obfervations which relate to the magnedihi w 
pf the Earth haye m>t been continued long enough 

10 



^S . hallby's hypothxsi.b* 

CO aSbrd a foundation for a good theory* Dr» 
Halley's hypothdis^ though formed near a cen« 
tury ago> iliU poffefles as great a ihare of pro- 
% bability as mod that have been offered fince. He 
fuppofes the Earth to confift of two diftin6l parts^ 
an external fliell^ or hollow fphere^ and an in- 
ternal nucleus or globe> loofe and detached in the 
cavity, having the fame center of gravity with 
the external part* Each of thefe parts he regards 
as a feparate magnet, endued with two poles, 
their magnetical axes not being coincident, A 
compafs-needle on the external furfacc muft there- 
fore be afted upon, as if by a magnet with four 
poles* From the phenomena he determines the 
(ituation of the feveral poles ^ and thus explains 
the variation. But as the variation changes in 
procefs of time at any given place, it follows^ 
that thefe poles do not keep the fame pofition 
with relpeft to the furface of the Earth, and to 
each other. This movement he accounts for, by 
fuppofing that the diurnal motion of the Earth 
was impreffed from without, and that the velocity 
of the internal part, or nucleus, is fomewhat lefs 
than that of the external' part, or fliell. Confc* 
quently die nucleus muft feem tQ revolve (lowly 
to the WeflWard, and its poles muft defcribe Itflej. 
circles about the poles of the Earth, And as the 
relative pofition of the four magnetical poles to 
each other, and to the poles of the Earth, i^ 
changed, fo muft Ukewife the direction of the 

needle, 
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needle^ or the angle it makes with the meridian, 
be altered* 

Thus, a kind oi regularity prevails in the in- y 
creafe and decreafe of the variation, and alio the 
direfiion of the variation which Ihips obfcrve as 
they fail to various parts of the ocean. In the 
Atlantic oc^an to th^ North, and eaftward, and 
aU over the Indian ocean, except in the bay of 
l^ngal, a wefterly variation obtains ; but to the 
we|tward of a certain line, at which there is no 
varii^ion, all along the cpaft of South America^ 
and in the Pacific ocean, as far as the 140th de- 
gree of weft longitude, an eafteriy variation is ob- 
ferycdj and in the whole Pacific ocean befides, 
the variation is probably to the weft, unlefs it 
may be conjedtured that an eafteriy variation 
miay be found in the regions tp the northward* 

When the variation changes quickly in running 25 
upon a parallel, as is the cafe in the fouthern At- 
lantic, and great part of the Indian ocean, the 
longitude may be determined with a confiderable 
iJegree of corrednefe at fea. For the magnetic 
a;simuth of the Sun may be eafily obferved in mo- 
derate weather to the certainty of a lefs error than . 
ten minutes of a degree; which in the fouthern 
Atlantic ocean anfwers to about twice that quan- 
tity in longitude. By comparing the obferved 
variation with a charts the longityde may be 
known. The principal impediment in the way of 
this method is, the want pf fuch a clu^rt occaftone- 
ally renewed. 

The 
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The beft modern opinkm concerning the caufe 
of the change of variation of the compafi is this^ 
From the magnetifm of the Earth as well as from 
the produdb ejefted by volcanos (227^ r), it is 
eftabliihed that vaft quantities of iron eadft in the 
bowels of the Earth in various ftates. The fame 
volcanic eruptions^ and the phenomena accom- 
panying them^ likewife ihew that chemical pro- 
cefles, on a fcale of prodigious magnitude, are 
continually carried on in thofe regions. The fer<» 
ruginous , combinations being varied by thefe, it 
muft happen that immenfe maifeswill be either 
more or lefs. pMogifticated, according to the na« 
ture of the procefs by which fuch change is made. 
Now it is well known that iron and its combina* 
tions are more fufceptible of magnetifm the nearer 
the metal approaches to the reguline date : and 
confequendy the properties of the whole terreftrial 
magnet muit change accordingly. 
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f P THE BLBCTRIC MATTER ;. AND THE METHODS 
- AND APPARATUS FOR MAKING EXPERIMENTS 
WITH IT. 

IF a tube of glafs^ an inch and half in diameter a 
and about three feet long, be rubbed, by re* 
pcatedly drawing the hand or a piece of leather 
from one end to the other, it will become elec- 
tric^ So that finall flaflies of divergent flame, ra- 
mified fomewhat like trees bare of leaves, will dart 
into the air, from many parts of the furface of the 
tube, to the diftance of fix or eight inches, attended 
^ with a crackling noife j and fometimes Iparks of 
Imore than a foot in length will fly along the tube 
CI the rubber. This luminous matter is called 
clqftricity, or the eleftric matter, and will fly from 
the tube to other bodies brought within a certain 

diftance* 

If 
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1 If a homogeneous body be prefentcd to the dx-e 
cited tube, fo as to rcdeive eledtricity from it, and 
the eleftricity remain at or near the end or part 
prefented, without being communicated to the reft 
of the body, it ia called a non-condudlor or elec- 

« trie* Buf if, on the contrary, the eledlricity be thus 
communicated to every part, the body is called a 

D conduftor, or non-cleftric* In the ufual tempe- 
rature of the atmofpherc, metallic fubftances, char* 
coal, and water are conductors i mo& other bodies 
are non-conduftors. 

B A conduftor cannot be cleftrified while it com* 

municates with the earth, either by dire£t conta£k 

' or by the interpofition of other conductors, becaufe 

ithe electricity is immediately conveyed away to 

F the earth. But if a conductor be fupportcd by an 
eledtric, fo as not to communicate with the earth 
it is faid to be infulated* 

o The greateft quantity of electricity is coUeCted 
on the furface of a non-conduCtor, when it is rub- 
bed by a conducting fubftance. If the rubber be 
infulated, it will alfo be put into an eleCtric ftate, 
fo that fparks will pafs between it, and other neigh- 
bouring bodies. 

H If an infulated conductor be eleCtrificd, either by 
friction, communication, (302, b) or otherwife, it 
will be deprived of its eleCtric ftate by the drawing 
of a fingle fpark from any part thereof by another 
iminfulated conductor, becaufe of the facility with 
which the eleCtric matter is conveyed through its 
fubftance. But non- conductors, finilarly treated, 

are 
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arc deprived of their clcftric ftate only in the 
vicinity of the place from which the (park was- 
drawn. 

A mutual attraftion is exerted between a body i 
in a ftate of eledbricity, and other non-eledhified 
bodiesj which laft, if not large and heavy, will fly 
through the air to the eleftrified body, v4iere they 
remain till they have, by communication, acquired 
the fame ftate, when they are repelled. If an un- 
infulated condudor be at hand, it will attra£)^ 
the fmall body thus eledlrified, and deprive it of 
its eleftric ftate. So that it will be again attrafted 
by the eledtrified body, and repelled as before, and 
will continue to pafs and repafs between the two 
for many viciflitudes, till the eleftric ftate is en- 
tirely deftroyed. 

No experiments have yet bf en made, that Ihew K 
wherein the difference between eledtrics and non- 
«lie£trics confifts; but whatever the conducing 
power may depend on, it feems to be governed by 
the heat of the body : glafs, refin, baked wood, 
2ir^ and many other noh-condu6tors, are conduc- 
tors when made very hot ; and, on the contrary, 
ice cooled to 13^ below o, on Fahrenheit's fcale, 
becomes a non-conduftor or eleftric body. 

There is therefore fome ground to conjedure l 
that the difpofition to condud eleftricity is pro- 
duced in metals by a very low degree of heat, in 
. water by a greater, and in refins and glafs by de- 
grees ftill greater ; or generally that there is a cer- 
tain degree of heat at which a given body may be 

at 
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at the medium between perfe6fc condufling, and* 
non-conduding^ above which degree it becomes a 

K condudor^ and beneath^ a non-condu£h)r. If this 
be true> it will follow^ that condudors are bodies 
whofe eleftric or non -conducing ftate is placed 
at a temperature far below that which is ufual in 
the atmofphere^ and that non-condu£tors are thofe 
whofe conducting ftate is placed at a degree of 
heat far above the mean temperature. 

N That eleftricity is real matter, and not a mere 
property, feems to be evident from a variety of cir- 
cumftances. When it pafles between bodies, it 
divides the air, and puts it into thofe undulations 
(65, n) in which found confifts. It emits the rays of 
light in every direction, and thofe rays are varioufly 
jrefrangible; and colorific, as other light is. And 
if light be acknowledged to be matter, it is coff- - 
trary to reafon and* experience to fuppole, that 
the thing which emits it Ihould not likewife be 
material. Neither are the other fenfes unafFe£te'3 
at its prefence -, its fmell is ftrongly phofphorcal 
or fulphureous, fo that when the air of a room is 
rendered highly eleftric, many perfons have com- 
plained of an unufual and difagreeable fenfation 
in the head from that caufe. The fenfe of feelm^ 
is a witnefs of its prefence, not only from the 
fparks, which, when received from the conduftor 
of a powerful machine, are very pungent, and 
will pafs through two or three perfons ftanding on 
the ground, but alfo from the (hock, whofe effefts 
arc to be defcribed: and a ftream of the eleftric 

matter 
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lii&tter received on the tongue has an evidently 
fubacid tafte^ which remains fame little time after. 

As the exciting a tube is very laborious for the o 
opefator^ and the eledricity procured by that mean$ 
is fmall in quantity, globes or cylinders are much 
niore ufed. Thefe, by a proper apparatus, are 
made to revolve on their axes after the manner of 
a grindftone^ and a rubber of leather is applied to 
the equatorial parts of the revolving glais^ which 
become eledtrical by the friftion. The eleftricity 
of the globe is received by a metallic condudor^ 
ihHiIated by a glafs-foot, or fupporter. This con- 
diidor being conftandy eledtrified, and at the 
lame tiiyie fteady and motionlefs, is much better 
adapted for making experiments than the globe 
icfelf. 

JL cylinder or globe thus fitted up to revolve on p 
its axis^ and provided with a rubber and an in- 
filiated conductor, is called an eledrical machine. 
The contrivances for the revolution of the cylin- 
der or globe vary in different machines, as like- 
wife the method of infulating the conduftor. The 
conductor is in general fupported by a ftick of 
varnifhed glafs or baked wood^ and fometimes it is 
fufpended by filk firings. 

Figt 162. reprefents an eledtrical machine, q^ 
The glafs cylinder c, is one foot in diameter and 
nineteen inches long, and is turned by a wheel 
and firing, as fhewn in the drawing. The rubber 
or cufhion is fupported behind the cylinder by 
two upright fprings that appear beneath, and are 

Vol. II. X ' fattened 
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faflened to two crofs bars of ghfs. b is the cdn^ 
duftor fupported on two pillars of glafs. From 
the end rteareft the cylinder, iflue feveral points ; 
and at the Other end the ball F prcgcfts by means 
of a wire. The ball £ is not infulated, and ierves 
to draw the fpark from f. d is a chain, ufii^dly 
hung to the cufhion. The fparks given by the 
conductor of a machine of this conffruftion zlxd 
Ynagnitude are froiti 12 to 14 inches lor^* 
R Fig. 163, is a drawing of Nairne's patent dcftri- 
cal machine. The cylinder c is fevcn inches in 
diameter and about one foot in •lengthy but tht 
jength of the rubber is no more than eight inches. 
The working parts at the end of the cylinder arc 
entirely of wood, and are fupported by two pillars 
of varnifhed glafs, each of a foot in length. The 
conduftors a and fi, are fupported by like pillars 
of the fame dimenfions. The two conduftors are 
'hiade of tin, and lie parallel to the length of the 
cylinder. They are exaftly alike, excepting that 
the rubber is fixed between the condudtor a and 
the cylinder, and a row of metallic points iflue 
towards the cylinder from the other conduftor b. 
The infulation of this excellent fmall machine^ is 
fo perfeft, that on the addition of a larger conduc- 
tor to either of the others, it will give denfe Iparks 
of nine inches long to a ball of 2 1 inches diaiBc- 
ter. 
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CHAP. IL 

CONCERJiiNO EXCITATION^ THE TWO DlFFERElfT 
STATES OF ELECTRICITY, AND THE EFFCTS OF 
POINTED CONDUCTORS. 

VERY little eledricity is excited by the fric- 9 
tion between two eleftrics or two conduftors* 
The moft favourable circumftances for producing 
this eflPedtj feem to be^ when a perfeft elcdric is 
rubbed by a perfcA conduftor (302, o)* 

The rubber of an ele£trical machine is ufually T 
made of foft leather Huffed with hair, and the 
' rubbing part is fmeared with an amalgam of zink 
and quickfijver with a litde tallow, the whole 
being fo proportioned as to have the confiftence of 
palle. The glafs cylinder in its rotation, paffing 
in contadt with this metallic foft fubftance, be- 
comes eleftrified, and its eleftricity is prevented 
from flying back in fparks to the rubber or being 
difllpated into the air, by a piece of filk fewed to 
the rubber, and paffing thence half way round the 
cylinder, to which it adheres by the elcftric at- 
traftion. 

The eleftricity thus excited, is much ftronger in u 
dry frofty weather than when the atmplphere is damp, 
and confequently a better condudlpr of eleAricity. 
The management of the operator will alfo ma][wc 
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a prodigious difference. No theory of what hap- 
pens in the excitation of eledtrics, has been offered 
that deferves to be mentioned j and it is owing to our 
imperfeft knowledge of this fubjeft, that the moft 
fkilful operators fecceed by an attention to cir- 
cumltances relating to the confidence of the amal- 
gam, the roughnefs or fmoothnefs of its furfacc, . 
its frelhnefs, the pofition and management of the 
filk, and other matters that can hardly be defcribed, 
fo as to affift the young eledtrician. The follow- 
ing direftions however fiicceed very well, 
/v " Every part of the apparatus muft be carefully 
wiped with a dry warm cloth, or old filk hand- 
kerchief, in order that the eleftricity when col- 
lefted, may not be condui9:ed off by adhering 
moifture or damp (302, d). The amalgam ought 
to abound with quickfilver, and to have no more 
tallow than is fiifficient, when applied to the cylin- 
der, juft to diminifh its brightnefs without fmear- 
ing. It muft be rubbed on the rough fide of a 
piece of leather, pafted on a card, in very fmall 
quantity. The cufhion and filk muft be care- 
fully brufhed or wiped before it is put in its place. 
This done, turn back the filk fo that its loofe 
•part may not touch the cylinder, and begin to 
turn the machine, at the fame time applying the 
amalgamed leather to the cylinder. After a few 
turns the eledtricity will be heard in a kind of 
ruftling noife near the hand and cufliion. Re- 
move then the amalgamed leather, and replace the 
filk on the cylinder, to which it will immediately 

adhere. 
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adhere* The friftiori will now be much greater 
than before, as will be perceived by the difficulty 
of turning the handle, and the eleftricity will be 
feen along the edge of the filk in Ippg diverging 
ramifications that dart into the air with noife. 
Thefe fly to the points of the prime conduftor 
when applied, and, by means of this laft, the Iparks 
may be drawn, or other experiments performed. 

It is not well fettled whether a velocity ofw 
rotation in the cylinder, greater than the han^ can 
produce with a fingle winch, be of any advantage 
in electricity. From a few trials, not fufficiently 
diverfifiedj the fa6l feems to be, that there is a 
certain velocity of turning by which more elec- 
tricity is obtained, in a given number of turns, 
than by any velocity confiderably greater or lefs ; 
and that this neceffary velocity is leaft when the 
excitation is moft powerful. A cylinder of feven 
inches diameter, well excited, will afford its maxi- 
mum of eleftricity in a turn by a moderate ro- 
tation with a fingle winch, and the adhefion of 
the fink will render the turning fufficiently labori- 
ous. But whether the labour of the operator 
would be better employed in producing more 
turns in a given time by means of a wheel, though 
the excitation were lefs powerful, remains to be 
decided. 

If the amalgam be applied on the cufhion itfelf, x 
inftead of a feparate leather, the excitation will be 
more uniformly the fame, though rather lefs flrong. 
When the feparate leather is ufed, it is necelTary 
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to apply it to the cylinder from time to time, to 
keep up the excitation. One of the chief advan- 
tages of this la(t method appears to be^ that a 
ibong excitatlQn may at anytime be produced by 
taking ofF the cufhion and wiping it and the (ilk 
very clean^ at the fartie time that the old amalgam 
i$ forapcd off the leather and replaced by the 
Sze of 9. pea of frefh amalgam s whereas in the 
Other method, it not unfrequently happens, tha( 
the operator is obliged to have recourfe to a 
variety of mancpuvres without fuccefs. 

If of two conductors, feparately infuiated, one 
^)e connected with the infulated rubber, and the 
other placed near the cylinder, fo as to be clec. 
trifled by it, they will both exhibit figns of elec- 
tricity j but that conductor, which is elcftrificd 
by the cylinder, will attraCt' thofe bodies which 
are repelled by the other conductor that re-f 
ceiyed its eleCtricity from the rubber. And thefe 
conductors, if brought near each other, will emit 
fparks, and aCt on each other in every relpeCk 
ftronger than on other bodies. If they be brought 
into contact, the eleCtricity of the one will dcftroy 
that of the other; and notwithltanding the elec- 
tric matter appears to flow or pafs from the cylin- 
der to its conductor, the twp thus conjoined will 
exhibit few or no figns of eleCtricity. 
t The fenfes cannot diftinguifh the direction i^ 
which the eleCtric matter moves. The hypothefis 
jfpoft generally admitted, is that eleCtricity is an 
pnjforna fluid, capable of being rarefied or con- 

denfed. 
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d€^ed> and that in the common elefbrical ma* 
chine it pafics from the cylinder to the conductor 
with points. On this fuppofition this condudbpr ^ 
mufti when elc6h-ified, poffefs a greater quantity 
than is natural to its ^d lince the cylinder af- 
fords very little eleftricity when the rubber is in- 
fulated^ it will follow that it receives its eleftriclty 
from the rubber j for unlefs the rubber be at 
liberty to receive an equal quantity from the earthy 
that is^ unlefs it be uninfulated^ it can part with 
but a very fmall quantity to the cylinder. Still 
retaining the fame fuppofition refpedling the 
courfe of the eleftfic matter, it follows that the 
rubber, when infulated, muft Ibfe a part of its 
iiatural quantity by friftion with the cylinder, and 
confequently a conductor communicating with it 
muft be negatively eleftrified. It is not therefore 
fo much to be wondered at, that the actions of thie 
two conductors fhould be contrary, and that whep 
in contadi: they (hould exhibit no figns of elec- ^ 
tricityj for the cylinder at the fame inftant thgt 
it imparts the eleftric matter to one condudor, 
exhaufts an equal quantity from the other, which 
is connefted with the rubber • If the direftion of 
the eledtric matter be fuppofed to be contrary to 
what is here affumed, the eiFcfts muft ftill be the 
fame. 

The principak circumftance whereon the pre- a 
vailing opinion concerning this direction is found- 
ed is, that if the conduftor, which derives its 
clc6tricity fron> the cylinder, be made Iharp or 
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angular at any part, not very near the cylindcr^^ 3 
diverging cone of eledtric liglit will be fcen, whofe 
vertex is the point itfelf, and the eleftric phapno* 
mena will be much diminifHed. But the con- 
duftor, which is connefted with the rubber, though 
its e£fefts be equally diminiflied by a fimilar cir- 
cunnftance, will never exhibit the cone of rays, but 
•is only tipped at the point with a fmall globular 
body of light. The cone has been thought to 
referhble the rufhing out or emitting of light, 
and the globe the appearance of the imbibing or 
entrance of the eleftric matter } whence the name 
of pofitive eleftricity has been adopted for that of 

' the cylinder, and' negative for that of the rubber. 
The terms will be ufed in the fame fenfe, in this 
work, though it muft be confeffed, that the pro- 
priety of their application is ftill doubtful. 

9 If eledtricity be produced by the excitation of a 
globe or cylinder of fulphur or refin, the ftates will 
be reverfeds the rubber will be pofitive, and the 
cylinder, with its condu6lor> will be negative. 
This was formerly thought to depend on the 
nature of the eleftric body, and the two ftates of 
eleftricity were diftinguifhed by the names of 
vitreous and refinous eleftricity, but it has fince 
been found, that the difference, in moft cafes, arifes 
from the relative fmoothnefs of the furfaces of 
the eleftric body and its rubber when compared 
with each other. 

p It feems to be a rule, that the fm'ootheft of the 
fwo bodies obtains the pofitive ftate. . Baked 

wooden 
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wooden cylinders, with a fmooth rubber of oiled 
filk, become negative, but with a rubber of flan- 
nel pofitive. ' Glafs, made rough by grinding 
with emery, excited with new foft flannel, is nc- 
gative^ but with dry oiled filk, rubbed with 
whiting, pofitivcf but if the glafs be fmeared with 
tallow^ and wiped. with a cloth, then the oiled filk, 
by rubbing, becomes polifhed, and the tube be« 
comes negative, as at firft; if the oiled fiJk be 
again rubbed with whiting, it excites a pofitive 
ftate on the greafed tub ; but when the filk has 
^ain acquired a polifh, the tube becomes again 
nqgative. Even polifhed glafs may be rendered 
jicgative by rubbing with the hairy fide of a cat's 
ikin. 

Bodies pofleffed of fimilar and equal fi:ates of d 
dedkricity, repel each others bodies poflTeflfed oF 
oppofite ftates of eledricity, attract each other j 
and bodies in a mean or natural ftate are attradled 
by all eleftrified bodies whatever. But as we have 
no clear conception, or adequate idea, of any 
mechanical procefs by which attraftion may be 
.caufed, all our reafoning on the fubjeft muft be 
purely ^hypothetical (i. 25, x), for want of pro- 
bable grounds to proceed on. If ever this pro- 
perty of matter, whofc origin at prefent is fcjk little 
underftpod, (hould be deduced from fome Ampler 
caufe, there is great reafon to think that it will 
be in confequence of elcdlrical difcoveries. 

If the infulated prime condudtor of a machine e 
bf well polifhed, and without corners or angles, 

it 
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it will retatn its dcftric flats very veU> and will 
emit ftrong fparks upon the afproach of any ua^ 
iniulated conductor* If the uninfulated conduc-r 
tor be broad) round, and poliihed at ^e cnd^ the 
fparks will be fhorc and denfe, and will ppodun 
a confiderable found ; if lefs broad, the fpark will 
belong, crooked, and lefs founding ^ if the brcaddi 
be dill more diminilhed, the xx>ndu£):or begins to 
come under the denomination of a pointed body 
(311, a)j the ele&ric matter paflT^ to it from 
the prime conductor, through a great (pace of 
air with a hiflTing or ruftling noife, and in a con* 
tinual ftream : a (till greater fhprpnefs enablea |jif 
cleftricity to pafs over a greater fpace, but fileniiy, 
and nothing is feen but a fmall light upon the 
point. If a fimilar point iffue from the prime 
conduftor, and the uninfulatcd conduftor be round 
and polifhed, the fame efFefts happen in like fitua- 
tions; but if both be pointed, the cledricity is 
more readily difcharged : and in -all thefe cafes the 
appearance of the eleftric matter at the point of 
the prime conduftor will be that which is peculiar 
to its cleftricity, a large divergent cone if pofitivc, 
or a fmall globular light or cone if negative, and 
the light at the point prefented to the prime con- 
duftor will be diftinftive of the contrai;y elec-* 
tricity. Whether a pointed conduftor be dec-- 
trificd pofitively or negatively, if the nofe be 
brought near the point during the eleftrization, a 
wind will be felt blowing from the point, and the 

fenfQ 
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fenfe will be aiFefted with a fulphureous or phof^ 
phoreal fmell. 

The readiion of the force by which the air is f 
put into motion^ is exerted on the pointed body. 
This is fhewn by a plearfing experiment with an 
ekdrificd wire 5 thw to the middle of the wire, or 
rsither between two wires that lie in the fame line, 
is affixed a center-cap like thofe ufed in fea-com- 
pafies, fo that the wire may eafily be moved on a 
point in an horizontal direction, as magnetical 
fteedles are -, and the ends of the wire are pointed 
and bent contrary ways, to point in the diredlion 
of the tangent to the circle defcribed by them, 
NoW if this wire thus fufpended on a point, be 
infulated and eleftrificd, its ftiarp ends will be- 
come luminous, and it will revolve in a diredion 
contrary to that in which its ends are bent 5 or if 
it" be fufpended on an uninfulated, poinf, and 
brought near the eleftrificd prime conduftor, the 
fame effeft will follow. 

It may be thought ftrange that the air fhould c 
jflue from an eleftrified point, whether its elec- 
tricity be pofitive or negative. It is eafy to con* 
ceive that the iflbing out of the eleftric matter 
fMf caufe the air to move in the fame direction, 
but it appears ftrange, that the eledtric matter 
hifhing towards a point ihould caufe the air to 
move direflly contrary, that is to Tay, likewife 
from the point. But if the circumftance be ex- 
amined more narrowly, the difficulty will vanifli. 
For it is highly probable diat the eleftric matter 

pafTes 
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paiTes too fwiftly (1.40^ z) to excite any motion 
in the air but that undulation wherein found con- 
G&s (65, N)i to which may be added that, if the 
electric matter do a£b on the air to put it in motionj 
the air muft read: with an equal force; and there- 
fore that a current of air blown againft the courie 
of the eleAric matter mull affedt its appearance, by 
retarding the rays and deflecting thak againft 
which it ftruck obliquely : the contrary to which 
is, by experience, I^nown to obtain; for the lu- 
minous cones (314, e) are not fenfibly affed^d 
by fuch treatment. The air being thus indifferent 
as to the motion of the eledric matter, its motion 
may be fliewn to depend on the eftabliihed pirin- 
ciples of electricity. The point is ele&rified 
cither^ pofidvcly or negatively, and the^air, im- 
mediately oppofite and contiguous to the point, 
xnuft, by the emiflion or exhauftioh of the ele^c 
matter, become ftrongly poflTeffecl of an eledlric 
ftate of the fame kind with that of the point : it 
is therefore repelled (313, d) and replaced by 
other air which is alfo eled rifled ana repelled, by 
which means a conftant ftream is produced blow- 
ing from the point, and that equally whether the 
eledlrization be pofitive or negative. And, as 
aftion and reaction are equal and contrary, the 
point repelling the air mufl: itfelf alfo be equally re- 
pelled in the contrary diredtion ; whence the ho- 
rizontal wire above defcribed is turned, and that 
always one way, namely, contrary to that in which 
the air is moved, or to the dirc&ion of its bent 
points. 

CHAP. 
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CHAP. III. 

f 

OF THE COURSE OF THE ELECTRIC MATTER 
" THROUGH THE COMMON AIR, AND THROUGH 
Allt VERY MUCH RAREFIED^ WITH A DESCRIP- 
TION OF AN INSTRUMENT FOR DISTINGUISH* 
INO THE TWO STATES OF ELECTRICITY. 

THE air, being a non-conduftor, muft be h 
clafled among eledric bodies; and the prime 
conduftbr of an eledlricai machine being furround- 
ed with air retains its ele£lric ftate much better 
than it would do without that circumftance. For 
the eleftric matter cannot pafs to or from the 
condu£fcor with the fame facility as if this imper- 
meable fubftance were not interpofed. 

When air is fpoken of as impermeable and elec- i 
trie, it muft not be underftood as being perfectly 
fo, but as being moftly compofed of non-conduc- 
ting parts. There is always moifture enough in 
the air to reftorc the natural ftate to eleftrified 
bodies in a few hours. It is likewife permeable, 
as all other eleftrics are, by the force of the elec- 
tric matter which divides it or feparates its parts : 
when this happens to a folid ele<5l:ric, a hole is 
made through it. 

Long fparks are always crooked in various k. 
diredions, like lightning; which -feems to be 

caufed 
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caufed by the eledtric matter paffing through thofe 
parts of the air in which the beft conduftors are 
found. Indeed there is reafbn to think that elec-^ 
tricity always requires a conduftor to enable it to 
pafs from one body to another. For if a glafs 
fjrphon, whole legs are equal, and relpcftrvely 
more than thirty inches long, be filled wrth*boil- 
ing mercury, and the ends inverted into bafons 
likewife containing mercury, a double barometer 
(31, z) will be formed, whofe upper or arched part 
will be abfolutely void of air. Then if one of the 
bafons be infulated and electrified, the clcftricity 
will not pafs from the mercury in one leg, through 
the void, to that in the other ; but upon admit-* 
ting a fmall bubble of air, it is immediately feco 
paffing through the vacant Ipace in the form of 
bright flaflies or flames. In the vacuum of the 
air-pump the eleftric matter will pals and appear 
luminous between conduAors, how diftant Ibever, 
forming a beautiful appearance, that very much 
refembles the northern lights or aurora-borealis^ 
But it is found that in high degrees of exhauflion 
the light is lels the lefs air is left in the receiver. 
It feems, on confideration of thefe circumftances, 
that the eleftric matter cannot pafs through the 
more perfedt vacuum, for want of a condu(5tor, 
but that the condufting part of the air when in- 
troduced, anfwers the purpofe, while the refiftance 
of the ele6tric part, being very fmall, on account 
of the rarefadtion, fufFers it to pafs from one con- 
3 dudtor. 



t^&GT to -tAiothtfr^ throtigh ntludh grelBitcy ^attv 
than it tin pals tlxrough in the open air. 

This opinioh is fortiewhat rfibrfc coiifimied by l 
the obfervation that the ele^b-ic matter forces con- 
dni^Hg bodies intx> its path. If a drop t>f water 
be laid on the prime conduftor^ in a pofitive ftatts^ 
ftry long ^at^s may be dratwn from it, the drop 
iftriHafiume a pointed or cofnical fhape^ and wet 
bodies whidi are held near it : a proof that the 
Krifter is thrown off. If the fame experiment be 
Made with melted fealing-wax^ the appearance h 
veiy peculiar tod amtifing. The fealing-wax mull 
he dropped on or ftuck to the fide of the prime 
conduftor^ and afterwards melted with a candle ; 
then if the cdnduftor be eledtrified, cither pofi* , 
lively or negatively, the drop of wax becomes 
poihted, and fhoots a number of fine threads into 
the air, to the diftance of feveral feet. This 
Ichread is in the fame ftate of eleftricity as the 
conductor it ifliies from. 

It is remarkable that the drop of water which m 
forms itfelf into a point by eledrization does not 
give the fpark when negatively eleftrified. This 
property is not, however, peculiar to water, but 
common to all very ftiort pointed conduftors that 
rife out of another furface nearly plane, and of 
fome extent. A fliarp metallic point rifing about 
one thirtieth of an inch out of the furface of a 
ball of three inches diameter, gave fparks five or 
fix inches in length, when pofitive or emitting the 
leledtric matter ^ but the eleftricity paffcd with- 
out 
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out fparks, and with fcarccly any noifc, ik^ch 
the point was negative or receiving. This may 
be an ufeful criterion for diftinguifhing the two 
ftates, 

N Fig. 1649 reprefents an inilrument for dilHn*. 
guifhing the eledxicities. a and b are two me-' 
tallic balls^ that may be placed at a greater or 
lefs diftance from each other by means of the join 
at c. The two branches or legs ca^ gb^ are var-^ 
nifhed glafs. From one of the balls a, proceeds 
a fhort point towards the other ball b. If the 
two balls be placed in the current or courie of the 
ele£b:ic matter^ fb that it maypafs thmugh the 
air from the one to the other^ its direftion win 
be known. For if the eledb-ic matter pais from 
A to B^ there will be a certain diftance of the baUs 
dependant on the ftrength of the eledlricity, with-* 
in which denfe Iparks will pafs from the point : 
but if its courfe be in the contrary direftion, nv 
fpark will be feen^ unlefs the balls be almoft in 
contad) and the point will be tipped with eledtric 
light. 
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C H A P. IV. 

dt THt ELECTRIClTli; PRQDUCBD By BklNOINO 
A CONDVCTOR NEAR THE BLBCTRIFIED PRIMS 
CONDUOTQRl AND OF CHARGING AND DI8« 
CHAROI^NG ELECTRIC PLATES. 

IF an infulated condu&or, free from pointsj be o 
brought within a certain diftance of the prime 
condudor or cylinder in an eledric ftate^ it will 
aUb exhibit figns of eledtricity of the fame kind ; 
biit if thofe figns be removed^ by taking the ipark^ 
and the condudor taken from the prime conduc* 
trn^ it will exhibit figns of the contrary elec* 
cricity. This is a very remarkable appearance^ 
but may be accounted for^ if two fuppofitions be 
admitted, viz. firfl^ that the ele£faic matter is at-^ 
tra&ed by condudbing bodies ; and fecondly, that 
the parts of the electric matter mutually repel each 
odher, the forces of each power being in a certain 
inverted ratio of the diftance* 
. For the eledric matter, in an infulated and uni- p 
form* condu6lor, will then be equally difitifed 
through its whole mafs, and the attradlion which 
that conduftor will exert on any mafs of eleftric 
matte? prcfented from without, muft be the excefs 
»f the attradlive force of the body over the repul- 
Give force of the cleftricity it contains. Whence 
I given conduftor will attradt the eleftric matter 
Vol, II. Y the 
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the mod powerfully when the quantity it alreidy 
poflefles is the lead poffible^ and ks attradive 
force will decreale as it becomes more faturated 
with eleAricity. Let two equal cpndu(%ors^ com^ 
pofed of like matter^ be brought within a fmall 
diftance of each other, then, if the quantities 
of eleflricity they contain are equal, the attrac-^ 
tions they mutually exert on thofe quantities will 
be equal, and it will remain undifturbed in each 
body. But if one condudor, a, contain more eko* 
tricity than the other, B, the attradive powet df 
i will be greateft, and will draw* the ckSttk 

4>^ matter from a till an equilibrium is obtMned* It 
follows alfo, that in a number of coadBfling bodk% 
communicating with each other, the ek£bic aiiC# 
ter will be every where of the fiune denfity> if tkt 
greateft attraftive force of the bodies be fuppoled 
equal -, but if different bodies be fuppofed to aii- 
trad the eledric matter with difierent foroes, as 
is moil probable, the denfities muft vary widi the 
forces. This may be called the natural ftate. 

X To apply this to. the particular infhince above 
recited, fuppofe the end of an infulated conduct' 
tor to be brought near the prime condudtor in a 
pofirive ftate, the attraftive power of the firft-men« 
tioned conduflor is greater than that of the prime 
conduftor, yet, not being fufficicnt to draw4parksy 
at the given diftance, the only effed it can pro« 
duce is, to make the ele(5lric matter accumulate, 
and become more denfe in that part of the prime 
condudor, near which it is preiented ;. by which 
2 accumulation 



iccumtiiatidn the reft of the prime condudor be- 
tom^s Ids eledlrifiedi as experience teftifies^ This 
tccumulated body of eleiftricity repels^ and con-* 
fequently rarefies the eledtric nfiatter naturally con- 
inned in that end of the conductor, which is 
prefented to the prime conductor j the reft of the 
fluid becomes more denle^ and the other parts 
(if the conduftor which is prefented^ exhibit figns 
taf eleftricity ; yet, as this condudor ifi the whole 
coatains ho more than its natural quantity, if the 
iAe&tic ftate be taken ofi^ by drawing the fpark, 
and it be afterwards removed ftom the vicinity of 
Cte prime conduftor, it becomes negative through- 
Mt, by redbn* of the lofs of the fpark^ If a con- s 
dtifUir be prefented to the prime conductor in a 
AC^tive ftate> the efledts are reverfedj the at- 
"Avdion being ftrongeft at the prime conduc* 
tor, and the accumulation being in the conduc-^ 
fx>r which is prefented, it exhibits a negative 
ftate^ which being deftroyed^ upon removal it be-* 
comes pofitive, by reafon of the ipark which was 
given to it when apparently negative* 

Thefe efFefts are more confiderable the lefs the r 
diilknce is between the two conductors ; and the 
intercedent ele&ric body is peculiarly afieftedi 
the manner of which may be better underftopd, 
by obferving die phenomena of non-eled:rics, fc*- 
parated by electrics which are lefs fiable to allow 
the pafling of the fpark than the air is. 

Upon an infulated horizontal plate of metal, u 
ky a plate of glafs, confiderably larger, fo that , 

Y a there 
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. there may be a rim of three or four inches pto* 
jcfting beyond the metal on every iide. Upon 
the glafs lay another plate of metal> of the fame 
fize as the former^ fo as precifely to cover it 
£le£lrify the upper plate, and the lower will ex- 
hibit figns of elecbricity. Continue the eledriza- 
tion, and the lower plate will emit fparks to an 
uninfulated body for a time, and afterwards ceafe. 
Separate the plates from the glafs without uninfii- 
lating them, and the giafs will appear to be pof- 
iefled of the contrary electricities on the oppo- 
(ite fides. That fide which communicated with 
the prime condudtor, during the eleftrizatioiii 
will have a like eleAricity, and ' the other ite 
contrary. Take off the eleftricity of the plates <rf 
metal, and carefully replace the glais on the 
lower, without deftroying the infulation, and alfo 
replace the upper plate with the fame precaution. 
Then, with one end of an infulated wire, not 
pointed, but knobbed at the ends, touch one of 
the plates, and bring the other end near the other 
plate : the confequence will be, that a ftrong and 
loud fpark will pafs between it and the wire, the 
eledtricity of the glafs will be difcharged, and the 
places and the wire will exhibit few or no figns of 
eleftricity. 

An eleftric body, whofe furfaces are thus pof- 
feffed of the contrary eleftricities, is faid to be 
charged. The infulation of the lower 'metallic 
plate and of the difcharging wire is not neceflary, 
except for the purpofe of drawing inferences, re- 

3 fpe&ing 



Ifpefting the manner of charging the eleAric plate. 
If the eleih-idty of theprinic condudtor be ftrong^ 
and the glafs thtck^ the difcharge will often be 
made by a fpark from the one metallic plate to 
the other, over the furface of the glafs which pro- 
jcfts on every fide 5 but if the glafs plate be thin, 
in which cafe, at an equal intenfity, it admits of a 
much greater charge, the difcharge will be made 
dirough^ its fubftance. Glafs, as thick as one 
dghth of an inch, may be penetrated by this means» 
one or more holes being made where the elec- 
tric matter has palTed, in which holes the glaf^ is ' 
pulverized, and may be picked out.with a pin/ ^ 

The greater the furface of the glafs, the greater w 
charge it will contain, the fame intenfity being 
fiippofed. But a given machine will, not fuper* 
induce fo ftrong an eleitric itate on a large plate 
as a fmall one : the reafon of which ieems to de- 
pendon the different intervals of time required in the 
charging, conjoined with the different magnitudes 
of the furfaces at which the eledtricity is commu* 
nicated to the air. If there were no efcape of the 
die£tric matter during the time of charging, the 
times- would probably be as the furfaces of the 
plates, equal thickneffes being always fuppofed; 
and if two plates were equally charged, the efcape 
would perhaps be likewife as the furfaces. TKltfe x 
being premifed, the whole efcape would be as the 
time of charging, and the furfaces of each con- 
jointly, that is, becaufe the times are as the fur- 
^ces^ in the duplicate ratio of then: furfaces di« 
t — Y J reftly. 
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redtly. Hence it appeal that the efcapc in plat^l^ 
that increaie in fizci approaches rapidly and cen<y 
tiiiually nearer to the quantity of ele£bridty fqp« 
plied by the machine^ and that the more powerA4 
machine, by diminilhing the time of charging^ 
will charge higher in the inverfc proportion of the 
time. It muil be coi^fefTed that the fuppofitions 
not being ^ccur^te, the proportions are only nearly 
truej yet this w^y of confidering the fubje& nuy 
ferve to indicate the caufes^ though not ftridly tQ 
meafurc the eflfeft^ 

From the experim^Pt (324), of feparating thfi 
gUfs from the plates of metal, it i$ ih^wn, tb(| 
the furplua of the el^iSb-icity on one furfacf ^i is 
either accurately or very nearly equal to the dcfii 
cimcy on the other j foj- if it were otherwife, tho 
plates and the difcharging wire would become 
ftrongly poffcffed of the predominating clearicity, 
It alfo follows, that if the theory of pofidye and 
negative eleftricity bic true, electric bodies mujl 
contain the ekdtric matter, fqr the eledric ftate§ 
are evidently on the furf^ces pf the glafs, inde^ 
pepdcnf of the metal. Now^ though it may eafily 
be underflood that a pofitive ftate niay be fupefr 
induced t)y an accumulation of electricity on on^ 
furface, yet it is abfurd to fupppfe that the elec- 
tric matter can be emitted and cxhaufted from the 
other fide, if it did not exift there, previous to 
i fuch emiffion and exhauftion. From $his circum- 
fiance it may be concluded^ according to the fame 
theory^ that all bodies^ as well eledf ics ias non* 

^leftricsji 
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tU&rkh attraft the eledlric matters but that dec- 
tric3f being ib conftrufted as not to admit it into 
their fubibince, as non-ele£trics do^ muft condcnfc 
it upon their furfaces^ and at all times hold a great 
quantity k condenfed . And if the quantity of elec-* 
tricity be increafed or diminiflied on one fide^ the 
de&ricity on the other furface mud: be rarefifcd or 
condenfed^ in confequence of the diminution or 
increafe of the whole attra£)ive force of the bo4y* 
The efieds will alfo be more conQderable the lefs 
;he diftance is between the twofurfaces (32 1 » o)* 

It is not poflible to charge an ekAric plate'4>y a 
inducing an eleAric ftate on^one of its lurfaces« 
unkfs the other be at the fame time fufficiently 
near to an uninfuUted non-ele^ic to a£fun)e the 
contrary ftate by emitting or receiving the ekc:* 
tiic matter. 

If a plate of glafs be laid upon an uninsulated b 
l^te q( metalt the upper fyrface may be rendered 
deAric by fridlion, or by applying an de&rified 
body fucceflively to its parts. This eledricity 
may be taken olf by touching the upper fur&C8 
with an uninful^ted mets^Uic plate of the fame di- 
mentions as that upon which the glafs is placed, 
but will not be entirely taken off, becaufe the 
eomitiunication between the two furies in this 
method is not perfed):, and becaufe the metal 
cannot by ordinary means, be brought into ac- 
tual contad with the glafs. The imall quantity 
which remains, produces an effedl 'vriiich has been 
miibken for a perpetual ele£tricityt For if a plate c 

y 4 of 
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oC metal) to which a glafs handle is affixed^ be 
laid upon the glafsj this fmall quantity of elec* 
tricity will influence the metal, and, without ac- 
tually communicating the eledric matter^ will - 
caufe it to exhibit a fimilar ftate (322), If 
this be taken ofF, by drawing the fpark, and the 
metal then removed, by means of the glafs handle, 
it will be found poffeffed of the contrary ftate of 
eleftricity, and another fpark may be obtained* 
The metallic plate may be then again applied to 
the furfacc of the glafs, and the procefs again re* 
peated, and fo on for a prodigious number of 
times, without any fenfible difference in the^event. 
For the eledricity at the furface of the glais being 
almoft in the namral fUte^ as to condenfation, 
does not difappear for a very long time^ and the 
very near approach of the me.tal enables it to pro- 
duce the fame effed as would be obtained at a 
greater diftance from a ftronger eledricity 
(321, o). This is made obvious, by bringing 
the metallic plate near the furface of the glafs be^* 
fore its firft ftrong ^leftricity is taken ofi^ for the 
fame event is then perceived at the diftance of 
four, five, or fix inches, as in the fprrper cafe i« 
produced by contadt, 

D The vapors of the atmofphere are continually 
attaching themfelves to the furface of cold glafs, 
and by that means deftroy the elcftricity. Sul- 
phur, wax, or refin, being lefs fubjed to this, 
retain their eleftric date much longer. A plate 
of glais or wood^ coated over with any fut>ftance 

of 
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of this nature, may be excited by fridion, and will 
produce eledhicity in a metallic plate, in the man- 
ner above defcribed ^ for a very great length of 
lime. Such a plate, together with its metal, has 
been named the elcdrophorus, fig; 165. . 

If the difcharge of an eleftrified plate be made e 
by the parts of a living animal, a confiderable 
pairt will be felt chiefly at the extremities of the. 
mufcles. For example, if the lower metallic plate 
be touched with one hand, aod the other brought 
to the upper plate, at the inftant of the emiilion, 
a pain will be felt at the wrifts and elbows, which 
^ inltantly vanifhes. If a larger glafs plate be 
ufed, the pain will be felt in the breaft; if yet 
larger, the fenfation will be that of a univerfal 
blow. This fenfation has obtained the name of 
the Ifaock, and will deprive animds of life, if fuf- 
ficiently ftrong. The Ihock from 30 fijuare Inches 
of glafs, well charged, will inftantly kill mice, 
V. fparrows, or other fmall animals. Six fquare feet 
of glafs will deprive a man of fenfation for a time, 
if the head be made a part of the circuit through 
which the eleftricity moves. No inconvenience 
has been found from the eleftric (hock by men 
of ftrong habits, but women of delicate conftitu- 
tions have had convulfions from a violent fhock. 
It may be obferved, that the eleftric (hock is a r 
proof that the eleftric matter can pafs through the 
fubftancc of non-eleflxics, and is not univerfally 
conduced along their iurfaces alone, as fome' have 
fopppfed 

CHAP. 
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CHAP. V. 

or ItECTRIC JARS; THE VELOCITY OF THJ 
SHOCK i LIGHT |N TH^ BOYLEAN VACUUM* 
THE CHARGING A PLATE OF AIR, WHENCE IS 
DEDUCED THE ACTION OF POINTED BODIES. 

o Xp O R the fake of fimplicity and prf cifion, tho 
^ cffeds of eleftricity, in charging gfefs^ 
have been defcribed 93 they happen in fiat pieces 
or platen. Thefc, however, are leldom ufed^ 
The objeft of the philofopher, in general^ is to col- 
left a large quantity of electricity, by means of the 
furfaees of ele(ftric3> and it is neither pece0ary 
nor convenient to ufe flat plates. He therefore 
accommodates himfejf with a fufficient number cf 

H prepared jars, Thefe are made of various fiiapes 
and magnitudes, but the mK)ft yfcful are thin cy- 
lindrical glafs veffels, about four inches in dia-. 
meter, and fourteen in height ; coated within and 
without, with tin-foil, which is ftqck on with gum« 
water, pafte, or wax, excepting two inches of the 
rim or edge, which is left bare, to prevent the 
communication between the coatings. About 
four inches from the bottom, within, is a large 
cork, that receives a thick wire, ending in feve- 
ral ramifications, which touch the iniide coating ^ 
the upper end of the wire terminating with a knob| 
confiderably above the mouth of the jar. Fig. 166, 
When it is required to be charged, it may be 

held 
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h^Id in the haod^ or placed on an uniiifuljited tal^le^ 
;uid tht knob of the wire applied to (he conduc- 
tor I the infide coated furface becomes pofiefied q£ 
the electricity of the condi^dcM*, »nd the external 
furface acquires the contrary cl^ftricity, by mean) 
pf its uninfulatcd coating. When a jar of thi| 
]uiid is highly charged^ it will difch^rge fpqnta* 
ncoufly over die uncoated furface, and feldpm 
through the glafsj whcreas> when the uiicoated 
furfaqe is large, they are more apt to break by 
that means, and become ufele^s. Yet, there is { 
no certainty that a jar, which has difcharged it- 
ftlf over its furface, will not at another time bre^k 
by a difcharge throjj^h the glaf$, as th? contrary 
pften happens. 

A jar of confiderable thicknefs, with a. neck i; 
)il(e a bottlci in whigh t^ cemented a thick tube 
tQ receive the wire^ will fuftain a very high 
{ph^ge, 4nd produce much greater effedls thai) 
Pfie of the lai^ defcriptipn. The charging wirp 
feteing inferted loofely into the tube, will fall pi){ 
on inverting the jar^ and the charge will renaain 
fof fcveral w^$ w^liout much lofs. A jar thu^ 
charged^ may be put into the pocket, and appHed 
IP many purpofes tli^t thp common jar cannot be 
Ufedfop. . 

When a greater degree of eleftfic force is re- 
quired, larger jars muft be ufed, in vfeiqh the 
form i$ of no confecjuence, except as far a» re- 
bates tp conyeiuencet . B|it it |s I$i|i ts^ffB&Y^, 
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and nearly as effeflual, to ufe a number of 
fmaller jars, having the fame quantity of coated 
ibrface as the large jars. In this cafe, a com- 
munication muft be formed between all the out* 
fide coatings, which may be done by placing them 
on a ftand of metal; and alfo between all the inner 
coatings, which is bed done by means of wires. 
Such a collection is called a battery, and may be 
charged and difcharged like a fingle jan 

M ' • In difcharging eledrical jars, the cleftricity 
goeis in the greateft quantity through the befl con- 
duftors, and by the fhorteft courfe. Thus, if a 
chain and a wire, communicating with the outer 
coating, be prefented to the knob of a jar, di^ 
greater part of the charge will pafs by the wirt 
and very little by the chain, which is a worfecon- 
duftor, by reafon of its difcontinuation at every 
link. When the difcharge is made by the chain 
only, fparks are feen at every link, which is a 
proof that they are not in contaftj and as the chain 
muft be ftretched by a confiderable force before 

N the fparks ceafe to appear on the difcharge, it fol- 
lows that there is a repulfive power in bodies, 
by which they are prevented from coming into 
contaft, unlcfs by force, as has been obierved in 
the former part of this treatife (i. 14, as i. 48, 

A, B.) 

o* By accurate experiments it appears, that the 
force of the eleftric . fhock is weakened, that is, 
its effefts ^rq ditpiniihed, by ufing a cpnduftor of 

great 



BLECTRIC JAR9, ^}3 

fgtt9t length in making the difcharge. Yec^ a 
very, confiderable fhock was given by the Abb6 
Nolet, in the prefence of the French King, to one 
hundred and eighty men $ the firfl of whom formed 
a communication with the outer coating, the reft 
joining hands in a circular line> and the laft touch- 
ed the knob of the inner coating. They were all 
ihocked at the fame inftant. Dr.. Watibn^ and 
many other gentlemen of eminence in the philo- 
fophical world, were at the pains of makings ex- - 
pcriments of the fame kind, but much more ac- 
curate. They found, by means of wire infulated f 
on baked wood, that the eleftric fhock was tranf- 
mitted inflantaneoufly through the length of 12276 
.feet* 

When any animal or fubftance is to be fubjefted x^^ 
to th^ fhock, it is ufually done by means of two 
chains, one of which connects one extremity of 
the animal or fubftance with the outer coating, 
and the other being fattened to, or laid on, the 
t)ther extremity,^ is applied to the knob of the in- 
ner coating- to make the discharge. The animal 
or fubftance thus forming a part of the circuit, 
receives the whole fhock. The ftrong ftiock of a R, 
battery will melt wire of the feventierh of an inch 
in diameter, and wires of lefs diameters are fre- 
quently blown away, and difperfed. Gunpowder $ 
. pnay be fired by a charge of three fquare feet : 
the method is, to put it into a quill, and thruft a 
wire into each end, fo as not to meet, and then 
make thefe wires a part of the circuit. A lefs 

charge 
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charge wiH fenrc if iron filings be mixed with rfft? 
IP gunpowder. Spirit of wine, ether, or a ndixtuit 
tff common and inflammable air, may alio be firoS 
by the fame means, or even bjr the (park frotti t^e 
tOndu(ftor« Yet, it feems probable in thejfc cifd^ 
that inflammation does not take place becaufe this 
deiftric matter is fire, or in an ignited date, but 
becaftife its extreme velocity excites that inteftilie 
AiOtion which raifes the temperature of boditt 
(l2I, c, D, e). 

H If the ball of a thermometer be placed in a 
ftrong current of electricity^ the niercury or Ipirit 
will rife mai^ degrees *. 

V A ftrong (hock gives polarity to fmall needles^ 
w Elcftricity will pafs by means of non-ekdr ics 
that are fo fmall as to be deftroyed by its paflagcy 
as has juft been inftanced in wires : the force of 
the explofion in thefc inftances is very confiderable, 
and is termed the lateral force of elcftricity. The 
following is a proof of this, and may be exhibited 
with lefs than a fquare foot of coated glafs, if 
X well charged. At the glafs-houfe there is ufually 
a great number of folid flicks of glafs, about a 
quarter of an inch diameter; if thefe be examined 
narrowly, feveral of them will be found to be 
tubular for a confiderable length, but the diametei^ 
of the cavity feldom exceeds the 200th part of 
an inch. Scle£l thefe, and break off the tubular 

* From 67 to 99 degrees, in a fmall mercurial therme- 
laeter. See Naime's ZXefcriptioiii of hh Eledhical Machinf. 
London, ^7^3* 

partj» 
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part, wllich may be filled with quickfilvcr by fuck- 
ing ; care being taken that no wet previoufly in- 
fiiiuates itfelfj and then fend the fhock through thi^ 
finall thread of quickfilverj which will inftantly be 
dilplodedj and will break or fplit the tube in a 
carious manner. 

^ If a piece of the common glais tube be drawn y 
out very fmall, by means of the blow^pipe, and 
then filled with mercury, the fhock will caufe 
both the mercury and the tube to difappear in the 
cxplofion I nothing being feen but fmoke or va- 
pour. 

An experiment fimilar to theie may be made z 
With a glafs-tube filled with water. Take a fmall 
glals-tube, whofe cavity is about a quarter of an 
inch in diameter, fill it with water, and flop (he 
end with foft pomatum: through the pomatum 
infert two wires, that they may almoft touch each 
other, and make their ends a part of the circuit ih 
the difcharge of a ftrong (hock, from about two 
feet Iquare of coated glafs ; the confequence will 
be, that the water will be dilperfed in every direc- 
tion, and the tube blown to pieces, particularly in 
tht middle, near the difcontinuation of the wire : 
the ends with the wires and pomatum will fome- 
times be found undifturl^ed. This is a ftriking in- 
ftance of the velocity ind force with which the 
ckdric matter is moved (1. 40)* 

. This property, of being charged and difcharged, A 
is not peculiar to glafs, but is common to all other 
electrics. 

If 
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If a thin bottle be exhaufted of air by means ei 
the air-pump, it will receive a conGderablc charge 
by applying its bottom to the cleftrified prinw 
conductor, during which time the eledlric matter 
will pafs through the vacuum between the hand 
and the inner furface of that part of the glafs 
which is ncareft the prime condudlon Thds ap- 
pearance, whofe caufe has already been in ibme 
degree explained (318), is exceedingly bcaU- 
tiful in the dark, efpedially if the botde be of a 
conHderable length. It exaSIy re&mbles thole 
lights which appear in the northern iky, and are 
called ftreamers, or the aurora borealis. If one 
hand be applied to the part of the bottle which 
was applied to the condudor, while the other re* 
mains at the neck, the fhock will be felt, at which 
inftant the natural ftate of the inner Ibrface is 
reftored by a flafli, which is feen pervading the 
vacuum between the two hands. 

The cledric fliock may be given from a plate 
of air, by means of two large plates of metal^ 
or rather boards covered with tinfoil; one of 
which is to be fufpended to the prime conduftor, 
and the other placed parallel to it on an uninfu- 
lated ftand, at a convenient diftance. Thefe 
boards may be regarded as the coatings of the 
^late of air contained between them, and if a com- 
munication be formed between them, by touching 
the uninfulated board with one hand, and apply- 
ing the other hand to the condudor, the fhock will 
be felt accordingly. It is almoft unneceffary to 

obferye. 
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<lbfervej, that if the 'ele€tricity be powerful, or 
the diftaace between the plates fmall^ the charge 
will pafs from the one to the otlier in a fpark 
through the airi 

If we compare this ex|Jerinficnt Si^ith What has d 
already been obferved relpedting the charging and 
difchargiftg ele6kric bodies, it will appear that moft 
of the eledtric phenomena are the confequences 
of the air being charged. Thus, the prime con- 
duAdr imparts its eledlrieity to the furface of air 
immediately contiguous, and when the fpark is 
drawn the difch^ge is made to the non-eie£trics^ 
namely> the floor and wainfcot of the room^ which 
are in contaft with the oppofite furface. The 
charge of eledlrics has already, been obferved to be 
greater, {323, t) the nearer the furfaces are to each 
other'; thus, glafs beyoitd half an inch thicknefs 
can fcarcely be charged by our machines 2 in like » 
manner, the difcharge^ that is to fay, the fpark 
from the condu6lor, will be greater, when a large 
company ftand about it than at other times, the 
body of air which is interpofed between the con*- 
duftor and the nearefl uninfulated non-eledtrics 
being then lefs in thicknefs than at other times. 
It follows alfo, that a large condu6tor will give r 
a larger fpark than a lefs j the difcharge being • 
from a furface proportionally greater. And fince 
this difCjharge confifts chiefly of the cleftric mat- 
ter, refiding at, or near the furface of contad, 
and Uttlej if at all, of that which may be within the 
iubftance of the conductor, it is of no confequence g 

Vol. II. Z whether 
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whether the conduftor be a fplid non-<le£tric or 
hollow^ provided the furface be unaltered in form 
and magnitude. Hollow cylinders of copper^ or 
tin, or wood, or pafteboard, covered with tinfoil, 
or llrongly gilc^ are the conductors generally in 
ufe. 

H It is a confequence of the air being charged that 
broad non-eledric furfaces draw large fparks from 
the condudor -, for the fparks are the difcbarges 
of a large plate of interpofed air. A Ie(3 furface 
will draw a }efs fpark, but becaufe the fimie ma- 
chine charges k(s lurfac^s higher than greater, the 
ipontaneous ^ifcharge through the body of the elec- 
tric air will be made at a greater diftance of the 
furfaces, that is to fay, the fparks will be longer. 
If the furface of the non-eledric presented be yet 
Jefs, the fparks, for the fame reafbn, will be lefs, 
and emitted to a ftill greater diftance. And if the 
jfurface be indefinitely fmall, or, in other words, 
if the non-ele6tric be pointed, the fpark may be 
fo fmall as to be invifible, and the diilance to 

I which it can be emitted may be unlimited. The 
efFedl of pointed bodies feems to depend on cir- 
cumftances of this hature; but the reafbn of the 
different appearances of the light on points elec- 
trified, pofitivtly or negatively, ftijl remains a diffi* 
cuky. 
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CHAP. VI. 

* 

AK ACCOUNT Of SEVERAL INSTRUMENTS, AND OF 
THE PRODUCING AN ELECTRIC STATE WITHOUT 
EVIDENT rRlCtioff, 

TH E condenfef is an inftrument of the fame ic 
kind as the eleftrophorus, but differently 
ufcd. For inftead of the interpofed eleftric be- 
ing previoufly charged, it is of great importance 
here, that it ftiould be perfectly in the natural 
ftate. In this fituation if the upper conducting 
plate be connefted with a larger body weakly 
cledtrified, while the lower plate is uninfulated, 
the upper will receive the eleftric ftate, and on 
being feparated or lifted up, will exhibit it with a 
much higher degree of intenfity. So that very 
fmall degrees of eleftricity may be rendered fen- 
fible by this admirable contrivance. 

To explain the caufe of this, it muft be recol- l 
ledted that the aftion of a neighbouring conduftor 
(32a, r) diminifhes the intenfity of the eleftric 
ftate in another conduftor, more efpecially if the 
former be uninfulated. The eleftrified infulated 
conduftor will therefore admit of a more con- 
fiderable degree of eleftrization before its intenfity 
can be rendered equal to what it was when folitary* 
Suppofe this done, .and the additional condudor 

Z a then 



^40 tOKDENSER OF ELSCTRICrrr. * 

then removed^ and it is evident that the eleffcrifi^ 
conduftor will, by the uniform diffufion of the 
eleAricity, be left in a higher ftate of ele6lTizatioo 
than it would have acquired by the fanne means 
without the afllftance of the uninfulated conduc- 

M tor. The two plates of the condenfer are in thele 
circumftances : the upper receives more elec- 
tricity, becaufe of the vicinity of the lower, and 
fliews a greater intenfity when removed out of 

• that vicinity. 

N To accomplifti this purpofe, in the moft eiFec- 
tual manner, it is neceffary that the interpofed elec* 
trie be very thin (32 2 , t) and that the furfaces-be 
well adapted to each other. The eleftric may 
be a coat of varnifh laid on the lower or upper 
^late, or a thin filk faftened to the furface- of the 
upper. 

o If the elefbricity be ftrong enough to charge 
the eleftric, the acquifition of the eleftric ftate by 
the metal will be counterafted on the eleftrophorus 
principle, and the charge will tend greatly to di- 
fturb and falfify the refults of experiments made 
while it remains. A flight warming of the varnifli, 
either by the fun or any other gentle heat, will 
however diffipate it. But the beft remedy for 
this, is to ufe fuch an apparatus as will neither 
retain a charge nor fuffer the metallic plate to ob- 
tain a higher eleftric ftate than it can carry off on 
its feparation. 

F The fagacious inventor has therefore lubftituted 
inftead of the lower or fixed part of the apparatus, 

a piece 
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a i»ece of dry marble, or marble varniihed with 
copal varniih and kept in an oven for aihort time, 
or very dry wood. Here the very thin ftratum of • 
air between the mocal plat€ and the fubftance it 
refts on, feems to fiipply the place of the eleftric, 
and the imperfcdly conducting power of the mar- 
ble or the wood, prev-ents any charge from being 
accumulated. This laft apparatus alfo performs 
its office better than the odier. 

To ufe this inftrument the metallic plate is^ q^ 
to be laid on the marble or varniihed metal, and. 
a connexion formed between the upper plate and 
the body whofc eleftricity is to be examined. 
This connection may remain eight or ten minutes, 
or longer, if the eleftricity be very weak, and then 
be removed. The metal plate being lifted up, 
will exhibit figns of eleClricity if the connefted 
body were in an cleftric ftate *. 

Various inftruments have been contrived to dif- R 
cover the prefence of eleftricity, together with its 
intenfity and kind. Thefe have been adapted to 
obfervc either the attraction, or repulfion, or the 
kngth and figure of the fpark. 

♦ The clcftrpphorus and condenfer were invented by Mr. 
Alexander Volta, Profeflbr of Experimental Philofophy at 
Coxno^ &c. This lad inftrument is honourable to its inven- 
for, not only on account of the extenfively ufetul purpofes to 
which it hiis been and may be applied ; but likewife becaufj 
it was difcovcred, not cai'ually, like moft other ele£lrical ap- 
parattts> but in confcquence of fcienti£c dedu^on and reafon- 
ing. See Phil. Tranif. Vol. 72, Part i. or Cavallo's Elec- 
tricity. 

Z^ Small 
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8 Small degrees of eleftricity are very well fhewn 

•. by the diy^rgence of twp fine hempen-thread^,. 

T fufpended together from the condudor. If lictle 
balls of pith or cork be fattened ix) the ends of the 
threads, they will ferve to denote ftilj greater in- 
tenfities, as tliey will not fo foon arrive at their 

u utmott divergence by the mutual repulCon, Fig, 
167, is a very yfeful electrometer upon this prin- 
ciple. It confifts of an upright (lick of box- 
wood, A B, on one fide of which is affixed a 
graduated femi-circle ; p is a ball of pith or cork, 
and is ftuck upon the end of. a fmall rod or radius 
of wood, which, by means of a fmall axis at c, is 
moveable in a plane parallel to that of the ferni-* 
circle. This eleftrometer is fixed upright on the 
prime conduftor ; the radius will therefore hang 
perpendicularly down when it is not eleftriii^d ; 
and according to the intenfity of the eleiftric ftate 
given to the conduftor, the repulfion muft caufe 
the ball to afcend. The afcent will be marked by 
the graduations. 
V This eleftrometer, though very ufeful, has the 
imperfeftion of being lefs fenfible of the changes 
of eleftricity when the intenfity is confiderable, 
than when, the repulfion at the beginning of the 
fcale afts at right angles to the radius. It has 
a!fo another inconvenience common to all elec- 
trometers, namely, the want of a ftandard of ori- 
ginal adjuftment, by means of which all inftru-^ 
ments of the kind may indicate the fame intenfity 
if\ fimilar circumftances, 

Fig. 
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Fig. 168 rcprcfents an de6tromcrcr for mea-w 
Turing the length of the fpark. a reprcfents a fec- 
tion of the prime conduftor j the wooden ftem u 
being inferted therein. The bent part d is var- 
nifhed glafs. Through a wooden collar c paffes 
a wire that carries a ball of metal ty which may 
be fet at different diftances as required. A chain 
may be hung on the outer part f. This eledtro- 
meter is chiefly ufeful for Ihocks, greater or lefs as 
may be required. For this purpofe the knob of 
the jar muft be in conta6t with the prime conduc- 
tor, and a chain from f muft touch the external 
^ coating. When the charge is fufficiently high, 
the explofion will be made through the interval 
between a and £. 

fig. 169. is a very fenfible eledbometer, well x 
adapted for the obfervation of the prefence and 
quality of either natural or artificial eledlricity. abc 
is the brafs cafe containing the inftrument, Whcs. 
the part a b is unfcrewed and the eleftromcter taken / 
out, it appears as reprefented in a b D c. A glafs 
tube c D N M is cemented into the piece a b. The 
upper part of the tube is fhaped tapering to a 
fmall extremity, which is entirely covered withfeal* 
ing*wax. Into this tapering part a fmall tube of 
glafs is cemented j the lower extremity being alio 
covered with fealing-wax, projedts a fmall way 
within the tube c d m n. Into this fmaller tube a 
wire is cemented, which, with its under extremity, 
touches a flat piece of ivory .h, fattened to the tube 
by means of a cork. The upper extremity of the 

Z 4 wire 
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wire projeds about a quarter /of an inch aboye 
the tube^ and fcrews into the brafs cap e f> which 
cap is open at the bottom^ and ferves to defend 
the waxed part of the inftrument from the rain, &c. 
From H arc hung two fine lilvcr wires, having very 
fmall corks at their lower ends, which by their re- 
pulfion ftiew the ele&ricity. i m and i n are two 
flips of tin-foil fhick to the infide of the glafs, and 
communicating with the brafs bottom a b. They 
fcrve to convey that eleftricity, which, when the 
corks touch the glafs, is communicated to it and 
might difturb t:heir (rec motion. 

To ufe this inftrument for artificial ele&ricity, 
bring a body in an ele£lric ftate (a ftick of fealing-^ 
wax, previoufly rubbed, is as convenient as any) 
near the brafs cap; the corks (321, o) will di- 
verge with the fame eleftricity till one of them 
touches the tinfoil i m or i n, when they will im^ 
mediately coUapfe, Remove the eledtrified body, 
and the corks will again diverge with the contrary 
eleftiicity. In this fituation, fuppofing fealing- 
wax to have been ufed, a body poflfeffed of the 
pofitive eleiStricity being brought near the cap 
will caufe the corks to diverge ftill more ; but if 
negative, it will caufe them to approach nearer to 
each other, 
: When this eleftrometer is to be ufed to try the 
eieftricity of the fogs, air, clouds, &c. the obferver 
is to do nothing more than to unfcrew it from its 
cafe and hold it by the bottom a ^, to prefent it 
tp the air in ap open place a little above his hea^i 

• * fQ 
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f^ diat he may conveniently fee the corks p. A 
very finall degree of cledtricity will calufe them to 
diverge, and its quality may be afcertained by 
bringing an eiccited (lick of fealing-wax, or other 
electric, towards the cap £ p* 

But the cleftrometer of Bennet, is by far the moft 
delicate of any of the inftruments which have yet 
been applied for diftinguilhing liinple elcftricities. 

It confifts of two flips of leaf gold, a a, fig. 170. 
fufpended in a glafs b. The foot c may be made of 
wood or metal; the cap d of metal. The cap is 
made flat on the top, that plates, books^ evapo- 
rating water, or other things to be cleftrified, may 
be conveniently placed upon it. The cap is about 
an inch wider in diameter than the glafs, and its 
rim about three quarters of an inch broad, which 
hangs parallel to the glafs, to turn ofF the rain and 
keep it fufficiently infulated. Within this is ana* 
dier circular rim, about half as broad as the other, 
which is lined with filk or velvet, and firs clofe 
upon the outfide of the glafs ; thus the cap fits 
well, and may be eafily taken ofi^to repair any ac- 
cident happening to the leaf gold. Within this 
rim is a tin tube £, hanging from the center 
of the cap, fomewhat longer than the depth 
of the inner ririi. In the tube a fnydl peg f is 
placed,, and may be occafionally taken out. To 
the peg, which is made round at one end and flat 
^t the other, two flips of leaf gold are fattened with 
pafte, gum-water, or varnifh. Thefe flips, fuf- 
pended by the.ppg, and that in the tube faft to the 

centcj 
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center of the cap^ hang in the middle of the g^ids, 
about three inches long, and a quarter of an inch 
broad. In one fide of the cap there is a fmall tube 
q, to place wires in. Ic is evident^ that without 
the glafs the leaf gold would be fo agitated by the 
leaft motion of the air> that it would be ufelefs ^ 
and if the eleSn-icity ihould be communicated to 
the furface of the glafs^ it would interfere with 
the repulfion of the leaf gold -, therefore two long 
pieces h h of tin foil are faftened with varnifh on 
oppoiite fides . of the internal ftirface of the glafs, 
where the leaf gold ihay be expedted to ftrike^ and 
in connection with the foot. The upper end of 
the glals is covered and lined with fealing wax as 
low as the outermc^ rim> to make its infulation 
more perfedt *. 

The fenfibility of this inftrument is fo great a$ 
even to aftonifh the moft experienced eledtricians 
who have not before been witncfs to its cffefts. The 
brulh of a feather, the proje6tion of chalk, hair- 
powder or duft againft its cap evince firong figns 
of eleftricity. The eleftricity of vapor is elegantly 
ftieWn by pouring a tea-(poonful of water on an agi- 
tated coal placed in a metallic cup upon the cap of 
this eledlrometer : and a very great and pleafing 
variety of other experiments may be made with 
this excellent inftrument. 

The ingenious eledtrician who. is not provided 
with the inftruments here defcribed, may fupply 

* Phil. Tranf. vol. 74. p. 27. 
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their place by contrivances which a knowledge of 
the general fadts will eafily indicate. Strong elec- 
tricities may be diftinguifhed by the light at the 
extremities of pointed bodies, and for lefs intenfi- 
ties a downy feather may be fulpcndcd by a fine 
thread of Qlk. This being cledrified, by bringing 
it in eontaft with the cylinder or condudtor of a 
machine, will preferve its eleAric ftate for a con- 
fi4erable time; during which it will be repelled 
by bodies in the fame ftate, and attraftcd by all 
others. 

We (hall finifli this general account of artifi* b 
cial eleftricity with pointing out fome of the other 
means of producing it, which do not feem referable 
to the ufual method of excitation. 

The efcape of vapor or elaftic fluid from bodies c 
in a ftate of combuftion, from water thrown on 
hot coals, or from chemical menftrua in a ftate 
of efFervefcence, leaves the refidue negatively elec- 
trified. Thefe important fads feem to point at a 
general law of elcAricity, that may tend in future 
to explain the phenomena in which heat is latent 
(i 17, t), and to which it bears a ftriking analogy *. 

It appears to be a fair deduction from thefe d 
fads, that as bodies take up eledricity when they 
affume an elaftic form, fo they muft depofit it when 
they are again condenfed. The experiments, how- 
ever, to alcertain this have not yet been made. 

Sulphur melted in an earthen veflel, and placed u 
tp cool upon uninfulated condudtors, is ftrongly 

• The difcovery of Sig. Volta. Sze Phil. Tranf. vol. 72. 
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elediic when taken out^ but is not fo when it has 
ftood to cool upon cle6kric fubftances. ; 

Sulphur melted in a glafs veiTel acquires a ftrong 
deftricity in the circumftanccs above mentioned^ 
whether the veflcl be placed on ele&rics or not 5 
but ftronger in the former cafe. This clc6tricity 
is yet ftronger, if the glafs be coated with metal. 
In thefe cafes the glafs is always pofitive, and the 
fulphur negative. It is particularly remarkable^ 
that the fulphur acquires no eleftricity till it be- 
gins to cool and contrafb^ and is the ftrongeft at 
the time of the greateft contradtion : whereas the 
cledkricity of the glafs is. at that time weakeft, and 
is the ftrongeft of all when the fulphur is ihaken 
out before it begins to contraftj or has acquired 
any negative eleftricity *• 

It has been obferved> that (ilk or worfted ftock- 
ings become eledtrical after being worn fbme 
hours, more particularly the filk, as does alfo a 
beaver Ihirt worn between two others. If. a white 
and a black filk ftocking be worn on the fame leg, 
they obtain contrary eleftricities. When drawn 
off together they fhew yery little figns of elec- 
tricity, but, upo;i feparating them, each indicates 
an eleftrical ftate fo ftrongly, that the repujfion 
inflates them, fo as to exhibit the intire ihape of 
the leg. If the two ftockings be allowed to come 
together, they ftrongly attract each other, the in- 
flation fubfides, and they ftick very clofely toge- 
ther s in which fituation they retaip theif elec- 

* Thefe ,fads are denied by Volta,. in Phil. Tra^if. vol. 72. 
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trie ftate, notwithftanding the approach of the 
fharpeft metallic point. A fecond reparation again 
exhibits their refpedtive eleftricities as before; 
and this may be done fevcral times without much 
diminiftiing their eleftricities. The eleftricity of 
the black flocking is negative, and of the white 
pofitive. 

The tourmalin is a hard gem, either pel- h 
lucid or opake, of a red colour, and is brought 
from the ifland of Ceylon, by the Dutch. It pof. 
feffes the property of afluming an eledtric ftate if 
heated; one fide of it becoming pofitive, and 
the other negative. If this eleftric ftate be taken 
off by contact, the ftone will become cleflric as 
it cools ; but with this difference, that the fide, 
which, during the heating was pofitive, will now 
be riegative, and the other fide pofitive, which 
before was negative. But if the ele6tric ftate be 
not taken off, the fame kind of eledtricity will be 
found on the fame fide during the whole time of 
beating and cooling. Either fide of the tour- 
malin will become pofitive by friftion, and both 
may be made fo at the fame time. 

Thefe are the chief properties of this very re- i 
markable ftone, which are alfo common to the 
Brazil topaz, and fome other gems. There are 
feveral important particulars relative to this and 
every other branch of eleftrical knowledge, which - 
cannot be enumerated and defcribcd, in an intro- 
duftory book, on account of the great length 6f 
deuil they would require. For thefe, the fl:udeht 

muft 
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muft have recourfe to treacifes written cxprefitly 
on this fubjeifl:. There are alfo a number of fan* 
ciful and pleafing Tariations of the common ex* 
pcriments. Bells are rung by an infulated clap* 
per^ which is alternately attraded and repelled be- 
tween two bells in oppofite ftates of eleftricity; 
figures cut in paper are made to dance by the 
attradlion and repailfion between two metallic 
plates ', light mills of pafteboard are driven round 
by the current of air from eleftrificd points, &c. 
&:c. particular account^ of all which may be had 
in pamphlets, which are frequently fold by the 
makers of the clcftrical apparatus *• 

* For a fuller acxount of ele&ical dUcoiveries and appa- 
ratus, confult PrielUey's HJftory of Eledlricity; Adams's 
Kiihy on Ele£lricity ; or Cavallo's Complete Treatife. 
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•F NATURAL ELECTRICITY; AND OF THE IDEN- 

■ * - » 

TITY^ Ot LIG»TNING AND T'HE ELECTRIC MAT- 
TER. •-— '• ^ . . - - -^ 

( • * 

THAT cleftricity is no trivial or confined k 
fubjeft, mtrft appear fronriiwhat has already 
been faid, fince there is no body in nature that is 
not a6bed upon by it, either as a condu6tor or non- 
conduftor. The importance of the elcdric matter 
in the fyftem of the world is more particularly 
confirmed by obfervations on thofe phenomena 
which take place without the concurrent operation 
of man. Of thefe it will be proper to give fome 
account. 

' Several fillies poflcfs the property of giving l 
the eleftric Ihock. The torpedo, or numbing 
filh, and one or more fpecies of eels, from Suri- 
nam, if touched by the hand, a metal rod, or any 
other conductor, give a cpnfiderable fhock to the 
arm, but may be fafely touched by means of a 
ftick of fealing-wax. The fhock depends on the 
will of the fifh, and is tranfmitted to a great di- 
ftance, fo that if perfons in a (hip happen to dip 
their fingers or feet in the fea, when the fifli is 
fwimming at the diftance of fifteen fcct^ they are 
affedcd by it. 

2 Many 
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M Many diforders or the human frame have bceii 
cured or relieved by eledtricity. In all cafes, cx-» 
ccpt thofe called nervous,*the elc6bric wind from 
a wooden or metallic pointf^ the ipark or gentkf 
Hiocks may be fafcly adminiftered without fear of 
doing harm, if no good eSed: fliould be produced* 
This remedy feems jpeculiarly applicable to local 
diforders, fuch as Avellings^ contraftions, rheu* 
matic and other pains, palfies, &c. in- which its 
effefts are very often wonderfully fuddeh and bene-^ 
ficial. The fpark or fmall fhocks through the 
pelvis, regulated according to the fediilgs of the 
patient, are faid to be an infallible cure ibr the 
■fuppreflion of the catamenia; and itvis certain 
that in many deplorable Cafes it has effedted a 
cure. It is generally admitted as a fule in the 
application of eleftricity, that it ought never to 
be fo ftrong as to be difagrceable to the patient 
in any confiderable degree, 

N But the moft remarkable appearances of elec- 
tricity, which are viewed with furprife and admi* 
ration by all ranks of people, are thofe which may 
be termed atmolpherical, as for the moft part 
exifting in, or depending on, the ftate of the at- 
mofphere. Lightning is proved to be an eledtric 
phenomenon, and there is little doubt but the aur« 
rora-b?reaiis, whirlwinds, wacer-fpouts, and earth-* 
quakes, depend on the fame principle. 

Q 1 he refcmblance between the eledlric fpark and 
lightninu, is io obvious, that we find it among the 
earlieft obfcrvations on the fubjed ; but the proof 

of 
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of the important theorem of their identity was re- i 
ferved for Dr. Franklin^ who is fo juftly cele- 
brated for his many difcoveries in this branch of 
natural philofophy. He firft obferved the power 
of liniiifulated points, in drawing off the eleftri- 
city from bodies at great diftancesi and thence in- 
ferred that a pointed metallic bar, if infulated at 
^ confiderable height in the air, would become 
eleArical by communication from the clouds dur- 
ing a thunder-ftormi He communicated this 
thought to the public ; and feveral machines, con- • 
fifting of inflated ij^on bars, ereftcd perpendicu- 
iar to the horizon, and pointed at top, were fet 
tip in different parts of Franc^ and England. The p 
firft apparatus that was favored with a vifit from 
this ethereal matter, was that of Monf. Dalibardj , 
at Marly la Ville, about fix leagues from Paris. 
It confifted of a bar of the length of forty feet, 
and was eledrified on the tenth of May, 1752, for 
the fpace of half an hour, during which time the 
longeft (parks it emitted meafured about two 
inches. 

Dr. Franklin, after having publifhed the me- <i. 
thod of verifying his hypothefis xronccrning the 
famenefs of electricity with the matter of light- 
ning, was waiting for the erection of a fpire in 
. Philadelphia to carry his views into execution ; ndt 
imagining that a pointed rod of a moderate height 
could anfwer the purpofe; when it occurred to 
him, that by means of a common kjte he could 
have a readier and better acccfs to the regions of • 
Vol. II. A a thunder. 
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thunder, than by tnj fpire wfaateiren Brepafing; 
therefore a large G\k handkerchief^ aod cwO'i€ro& 
ilicks of a proper ki^thy on which to. attend it i 
he took the opportunity of the 'firft a^rotthiilg 
thimder-flDrmy to walk ioto a field in wfakh^iiefe 
was a filed c^Hivenieftt for his purpofe. Btny dnwd^ 
ing the ridicule which too commonly attsptedi njfi>^ 
fuccefsful attempts in fcienccy he conrnioittnttd 
his intended experiment to nobody but ius* ftil^ 
who ailifted him in raifing the kitt^ ^ ^' '^ 
The kite being raifed, the end of the ftrU^be- 
ing tied to a filk ftrnig^ which he held in his4ialid^ 
and a finaU key being faftened lU thv pUet i)f 
junftion, a confiderable time elapied befajtt dieie 
ipias . any appearance of its being eledrificd*. ^ One 
very promifing cloud had pafied over it Uridiout 
^ny efie^ > when^ at lengthy juft as he was be* 
ginning to deipair of his contrivance, he obferved 
feme loofe threads of the hempen ftring to- Hand 
ered, and to avoid one another juft as if they had 
been fufpended on a common condudor. Struck 
with this promifing appearance, he immediately*^ 
prefentcd his knuckle to the key, and, let the 
reader judge of the exquifite pleafure he lelt at 
the moment, the difcovery was complete*. He 
perceived a very evident elei9jic fpark. Othecs 
iucceeded, even before the firing was wet^ fo M^ 
to put the matter pad all dilute ; and when the 
rain had wetted the ftring, he colle£ted the elec- 
tricity very copioufly. This happened in Jun? 
1752, a month after the ele&ricians in France had 

verified 



verified the fame theory, , but before he? h^ h/eard 
of .any thing they had idone. 

'The grand pr^&ical ufe which the DoAor made s 
of this diicoveryi was to kcure buildings from 
bebg damaged , by lightnings 4 thing of vaft 
confequence in all parts <^ the worlds but nK>re 
eipeciaUy in (everal parts of North Annerica^ where 
thu|Kler-41:oims are. more freqpenty and their ef« 
&&^ in that 4ry air, more dreadfult than they 
are ever known to be with us. 

This great end is accomplished by fb eafy a r 
incthodf and by {6 cheap and feemingly trifling 
apparatus, as fixing a ^pointed metalline rod higher 
thm any part.gf the building, and contimunicatin^ 
with the ground, or rather the nearefl: water. This 
wire the lightning is fure to feize upon, preferably 
to zn^ other part of the buildings unlefs it be very 
large and extendedi in which cafe wires may be 
cre^ed at each extremity ; by which means thi^ 
dangerous power is fafely conduced to the earth, 
and difllpated without doing any barm to the 
building* 

Conducing rods are now become very com- u 
tpon, both for the purpofe of fecuring buildings, 
and of making obfervatipi^s on the ftate of the at- 
mc^here. The bed of thoie which are jiiitended 
for the lattCF purpofe^ is the following. On the v 
top of any buildings which will be the more con- 
venient if it ftand upon an eminence, ereft a pole 
as tall as a man can manage without didkulty, 
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having on the top of it a folid piece of glafs fir 
baked- wood, a foot in length. Let, this be cor 
vered with a tin or copper vejpTcl in the form of a 
funnel, to prevent its ever being wetted. Above this 
let there rife a long flender rod, terminating iii a 
pointed wire, and having a fmall wire twifted 
round its whole length, to condufl: the electricity 
the better to the funnel. From the funnel, let a 
wire defcend along the building, about a foot 
diftance from it, and be conducted through an 
open fafti into any room which Ihall be moft conve- 
nient for managing the experiments. In this 
room let a proper conduftor be infulated and con- 
nefted with the wire coming in at the window. 
This wire and conductor, being completely in- 
fulated, will be eleftrified whenever there is a con- 
(iderable quantity of eleftricity in the airj and 
notice will be given when it is properly charged, 
cither by the mutual rcpulfion of two fmall baits 
of cork hung to it by threads, or by the ringing 
of two . fmall bells, the one fufpended from, and 
communicating with the conduftor, and the other 
uninfulated : thefe bells will be in oppofite ftates 
of eleftricity when the conductor is eledbified, 
and if a clapper or fmall metallic ball be hung 
by a filk thread between them, it will be alter- 
nately attrafted and repelled by each, and confe- 
quently indicate the eleftricity of the condudtor 
w by ringing. The condenfcr (339, k) is of excellent 
ufe to afcertain the prefence and quality of atmo- 

fpherical 
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fphtt^c^l^ele&fidty when tKe tfbndiiftcr & too 
ffi^h% elaarified to attract a thread, 6r to exhibit 
arij^ of Ae ufo^ 

thi* elefeifie4 i^rc fhould be brought '^ithijn a few 
iftbhps pf % cbndiifting^ rod, which fcnres to guar<i 
Hie houfe, that the redundant eledrici ty may paft 
H^ that way, without ftriking any perlbn M*[o may 
^hijpj^n to ftand near it. The condudor to guard 
the houfe Ihould confift of a rod, without breaks 
or-'difcontinuities, between one fourth and one 
half of an inch thick, if it be of iron, but fmallcr 
If it be brafs or copper, terminating upvirards 
in a fllarp point about four or five feet ^bove the 
higheft part of the building t it is convenient that 
fhis point be of gold, or gilt, to preferVe it from 
fTLffting. The lower end pf the rod Ihould, if 
pofljble^ be continued to fpme well or riinnjpg 
water, or otherwife it fhould be funk feveral feet 
into the ground, at the diftance of fbme yards 
from the building. It is of no confequence how 
fnany bendings are made in the rod, but it is 
much better to faften it to the outfide than the 
infide of the building j for thefe conduftors arc 
known to emit fparks during thunder-ftorms^ not- 
withftanding their infertion in the earth, from 
which fatal confequences may be apprehended 
when the eleftric force is very great. 

It is clear, from many inftances, that the lights y 
which are feen at the maft-heads of fhips, and' 
on the vanes of fome churches during thunder, 
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bwe their origin to the eleftric matter palling by 
means of uninfulated points. 

The polarity of the compafs^ncedles has been 
known, in feveral inftances, to have been deftroy- 
ed or rcverfcd by lightning. An effeft which, as 
has been obfcrVed, may be produced by the eleftric 
Ihock from glafs (J34, v). 

If the cleftrician be defirous of making expen- 
flients upon the eleftricity of the atmofphefe to 
greater ekaftnefs, he muft raife a kite, by means 
of a firing in which a ftnall wire is twifted. The 
lower extremity of this line muft be filk^ and the 
l^^ire muft terminate in fome metallic conduftor 
of fuch a form as Ihall be thought mdft convenjent, 
jSut it is dangerous to raife it ppon the Approach of ^ 
thunderrftbrm J and upon this occafion the com- 
mon apparatus for drawing cjeftricity from the 
clouds will probably anfwer every intended jnirpofe, 
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C H A P, VIII. 
OF LIGHTNING^ AND OTHER. METEORS. 

^T^O know that lightning and the eleftric mat- b 
•*• ter are the fame, is a great ftep in na- 
tural philofophy, but we muft ftill remain igno- 
rant of the caufes of many of the appearances 
which accompany lightning, fo long as our acquaint- 
ance with the properties of eleftricity is fo very 
imperfect. We know that the clouds are almoft c 
always cledtrified, fometimes pofitively, and fome- 
times negatively ; but whence, or by what means, 
they acquire that ftate j whether by the heating d 
or cooling of the air, upon the Tourmalin principle, 
whatever that may be, or whether the clouds be e 
only the condudtors by which the eleftric matter 
is conveyed through the air, from places in the 
earth where it is redundant, to other places where 
there is a deficiency, cannot eafily be determined. 
The firft is the conjefture of the well known 
Mr. Canton, and the latter is the chief propofi- 
tion in the theory of that great philofopher Sig. 
Beccaria of Turin, It is probable that both cir- 
cumftances may conduce to the effeft; the heating 
or cooling of the air may produce, or rather col- 
left, that eleftricity, which is fo great an agent 
in atmofpherical events, and its discharge, may be 
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cffcftcd in the manner in which Signer Beccaria 
has^ with great probability^ fuppofed it to be ac« 
compliftied. 

Tbe difcovpry pf Sig. Volta, of the eledlri- 
city of vapors, or elaftic matter raifed intp the 
atmoipihere by fire or otherwife, is a moft eapital 
advance towards the perfe6t knowledge of the 
caufe of the dedtric ftate of clouds^ mifts, and the 
like. For yapors, carrying off a larger portion 
of eledricity than when in the fluid ftate, muft 
conftandy give out a part of the fame (346, d) 
when they arrive in the fuperior and colder re- 
gions of the air, where they become more con- 
denfed, and form clouds. Clouds and rain will 
therefore i^aturally have the pofitive deftricity, 
fhough a clqud, when once formed, may, by its 
influence on neighbouring clouds, caufe them to 
become negative (321, o), by imparting not 
only thiejr natural furplus, but pyen more tp the 
earth. 

A thunder-fl:orm ufually happens in calm wea-r 
ther. A dark cloud is obferved to attra<5t others 
to it, by which it continually incrcafes in magni- 
tude q.nd apparent denfity. When the cloud is 
thus grown to a great fize, its lower furface fwells 
in particular parts towards the earth, fometimes 
by light flioify clouds, and fometimes by an infe- 
rior protuberance. Puring the time that the cloud 
is thu§ forming^ flafhes of lightning are feen tp 
dart from one part of it to the other, and pften to 
illuminate the whole mafs s and fmall clouds ^e 
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^bferved moving rapidly, and in very uncertain 
diredions beneath it. When the cloud has acw 
quired a fufEcient extent, the lightning ftrikes the 
. earth in two pppofite places ; the path of the light- 
ning lying [through the whole bpdy of th? cloud 
and its branches. 

That thunder-cloud$ frequently do nothing ^ 
more than .cpnduft the ejeftric matter from one 
place to another, is not pnly probable, on ac- 
count of its ftriking in two places, but likewife 
from the copfi4eration, thaf the emiffioq q( the flafh 
would deftroy the eleftric ft^te of the clouds, if it 
were nqt immediately recfuitpd from Ibme pther 
part, But the eleftric ftate is not deftroyeii after 
g flafh, if we may judge either from the elpftric 
apparatus, or frpm the c|oud itfelf ; fof the firft 
appears (o be nqt lefs eledrified, and phe latter is 
the next qciprrient rpady to make as great a difchargc 
^s before, . Befidjcs, if the two flalhes of light- 
ning, which Urike at different places, nearly at 
the fame time, were fimple, fimilar, and inde-r 
pendent difch^rges of the cloud, why ihpuld they 
refemble eaph other ? and yt% they dp very much, 
4s appj^ars by qbferving a thunder-flprm at a 
diftancp. Tl^en jt is feen, that if one part of the 
cloud give a lingle flalh, the odier extremity will 
give, or rather receiye, ^ fingle flafh a Ihort time 
qr the inftant after j but if it give two, three, or 
foyr quick fucceflive flafhes, the other extremity 
will receive a like number a li^lc, but very per- 
ceptible time aftcn The angular diilance be- 
tween 
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twcen the places of thefe correfpondent fla(hes is 
frequently four or five points of tbe compais.' 
[ It is remarkable, that mofl; detached clouds^ 
whofe angular heights are but finally atid which 
confequently may be viewed in profile, are yari* 
oufly arched at their upper furface> while their 
under furface is horizontal. This appearance is 
particularly obfervable in thunder-clouds, and alio 
takes place in the fmoke of refin, or Heam of 
water, ele&rified by the common machine. 
i Whatever may be the caufe that diiturbs the 
equilibrium of the eleftric matter in the acmo& 
phere, it niay eafily be conceived, that when 
fuch diilurbance happens in the upper, and highly 
rarefied regions of the air, the equilibrium will be 
reftored by dartings and eledlric Corufcariomr 
through the vacuum, fimilar to thofe exhibited 
in the vacuum of the air-pump. This confidcra** 
tion accounts for the aurora bprealis, which has 
conimonly a mocidn of darting or undulating be-' 
twecn two oppofite parts of the heavens. 

In clear and calm weather, when the eleftrkfty 
is not very ftrong, it may pafs through the. air, 
without bringing any great quantity of vapour* 
into its courfc, and, according to the conduftors 
it meets in the air, it will fometimes be rendered 
vifible for fmall parts of its paffage, and occafion 
thofe appearances which we call fhooting-ftars* 
It is obfervable, that fhooting-ftars, ktn at any 
time, in general all direft their courfe the fame 
way. 

3 ThQ 
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The balls of * fire, as well as the fhooting-ilars, m 
occafionally feen in the air, feem to be maflTes of 
ejeftricity^ at fo great a diftance that their angular 
velocity is not fufficient to prevent the eye from 
difcerning their fhape. It is probable that every 
elefb-ic fpark or flafli of lightning confifts of one 
or more balls of fire, though their extreme velocity 
prefents them to the eye under the form of e line 
or lines (i, 259, o). 

The ignis fatuus, or Will-with-the-wifp, is a h 
luminous mete<H' that feldom appears more than 
fix feet above the ground. It is found chiefly 
about bogs, and is always in motion, varying both 
its figure and fituation in a very uncertain man- 
ner. In the plains in the territory of Bologna, 
they are frequently very large, and give a light 
equal to a torch j and there are fome places where 
one may be almoft fure of feeing them every dark 
night. It has been conjeftured that thefe meteors 
confift of inflammable air, which has been kindled 
by eleftricity. 

It was obfervcd of watcr-fpouts, that the /Con- o 
vergence of winds and their confequent whirling 
motion, was a principal caufe in producing that 
eflfeft (63, l)^ but there are appearances which 
can hardly be folved by fuppofing that to be the 
only caufe. They often vanifh, and prefently ap-^ 
pear again in the fame place : whitifli or yellowifli 

* Dr. Blagden has given a valuable ftatcment of fads and 
deductions refpedling metpors of this fc:ind in the Phil. Tranf. 
vol. 7^. 

flames* 
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Qames have fometimes been feen moiling with 
prodigious fwiftnefs about them, and- whirlwindt 
are obferved to elcdlrify the apparatus very ftrdng- 
ly. TJie time of their appearance is geilei'ally 
thofe mpnth3 which are pecijliarly fiibjcdt to (hun- 
der-ftorms, and they are commonly preceded, ac- 
companied or followed by lightning, the previous 
(^ate of the air being ali|ce in both cafes. And 
the long eftablifhed cuftom, which the failors have, 
pf prpfeqting Iharp fword^ to di^)crfe then>, is no 
inconfiderable circumftance in favour of the fuppor 
fition of their being eleftrical phenomena. Per- 
haps the afcending motion of the air, by which 
the whirling is produced, may be the current 
known to ifiue from eledrified poii^ts, as the form 
of the protuberance in the fea is ibmewhat point* 
cd 5 and the elisdrified drop of water, heretofore 
mentioned, may afibrd confiderab}^ |ighf in explain?- 
Jng this appearancet 

It is extremely probable that earthquakes owe 
their original to the difcharge between a cloud 
^nd the earth, in a highly eleftric ftate, or even 
between two clouds. They happen mod fre- 
quently in dry and hot countries,, which are moft 
fubjeft to lightning and other eleftrical pheno- 
mena ; and are even foretold by the eleftric co- 
rufcations and other appearances in the air, for 
fome days preceding the event. Earthquakes are 
attended by no fire, vapor, or fmell, which how- 
ever could hardly fail to appear, if the common 
opinion, of their being occafioined by a fubterr^^- 

neou§ 
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neOus explofion, were true. The efFeft of an cx- 
ploflofi of this nature would be a gradual lifting 
of the earthy after which it would fall agaiti, and, 
no doubt, deftroy or change the courfe of fpringa, 
and confiderably alter the face of the country: 
the contrary to all which is true; for, as far as 
obfervation can determine, the Ihock of an earth-* 
quake is inftantaneous to the greatefl diilances, 
and feldom does more mifchief than overthrowins 
buildings. Earthquakes are ufually accompanied 
by rain, and fometimes by the moft dreadful 
thunder-ftorms. AH thefe, and many more cir- 
cumftances, . but efpecially the almoft inftanta- 
neous motion of the fhock, induce us to look for 
their caufe in eleftricity, the only power in nature 
that acknowledges no fenfible tranfition of time in 
its operations. 

Dr. Prieftley, in his Hiftory of Eleftricity, q^ 
has given an abridgment of Dr. Stukely's obfer- 
vations and inferences on this fubjed, and has 
himfclf ihewn, by experiment, that the eleftric 
ihock caufes a vibration fimilar to that of an 
earthquake, when it pafles at or near the furfaces 
of bodies. 

It may be here obferved, that the knowledge r 
we have of the properties of eleftricity has been 
acquired, for the greater part, within the laft 
half-century J and that if diftoveries proceed as 
rapidly as they have began, it may be hop&i, 
that a fimilar period will afford a more perfedt 

acquaintance . 
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gcquaintance with the influence of elefbiciCy ntit 
only on atmofpherical events^ but'likewiicon mag* 
netifmi vegetationj mufcular motion, and other 
appearances, in which, it is more than prabajblei 
this great and aftive power has a Iharetf 
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IN D E X 

T O T H E 

SECOND VOLUME. 

A 

/fCHARD^ Mn his procefs for matdng crucible^ gf 
-" platina, 129. 
jlcidsy 158. 
Jcidy acetous^ 217. 
Jcidy aerial y 158. 213. 
Acid of amhefy 197. 
JcidofanUj 208. 
Jcid of arfenicy 271. 
Add of bifixoirij 206» 
Acid of borax y 196. 

Acidoffau 208. 

j^fW offiuor^ or fiar^ 194. 

Acid of Umonsj 205. 

^f/W, marine^ 142. its combinations, 189 & feq. 

Acid of milky 207. 

Acid of molybdena^ 282. 

^aW, nitrousy and its combinations^ 180 & feq, 

-/ff/W of phofphorusy 199. 262. 

Acid of prujftan blucy 210.. 

Acid of forrely 204. 

-//f/W of fugary 202 — 204. 206. 286. 

>/r/i of fugar of milky 208. 

Acid of tartar y 213. 

-A/^, vitriolicy 171. combinations it enters into, I73&(eq. 

Acid of wolframy 280, 281. 

AJfnityy chemicaly 137 & feq. double, 144* 

Aggregationy 139. 

^/r, alkalinoy 226. 

^/>, atmofphericaly 29. its fpecific gravity, 30. preflure, 3i« 
xefradive power, 49. fpring, 53. apparatus for experi- 
ments with, 153. teft for afcertaining its purity, ;[85, i86. 
is an eledlric, 317* charged with ele^ric matter, 3^6. 

Air balloon, 92 — lOO. 

Airy fixed. See -<^^/rf i7^/W» 

Airy fiuor acidy 195. 

^ir, hepaticy 282. 

^/r, inflammabliy 93. 151, 167. 179. 

if/r, marine acidy loO. 



INDEX. 

Jir^ mirSkSj 185, 166. 

jfir^ phofphoric^ 283. \ 

Atr^ pumpy 100 — HI. 

Jir^ pure^ vital^ or depblogijlicated^ 136. iSi.- - ■'•,'' 

Air^ vitriolic add^ 172; ijgf. 

Alembic^ 1 '30. 

Alkali^ mineral or marine y 1 59^ 220— 222. 

, vegetable^ 159. 218 — aio, 

, volatihj 144. 160. 225, 226. 
jf/&y, 232. of coins, 239. 242. 
Amalgams^ 247. for electric purpofes, 307, 308. 
Amber^ 1 96. its acid. St^ Acid of Amber. 
Ammoniac^ faU 144. 225. vitriolic, 174. nitrous, l8;f. 
Animals^ why they are equally hot in all climates, 124. 
Antimony y 273, 274. 

Apparatus for impregnating water with fixed air<^ 1 55, l^. 
Aqua regioy 192. . ' 

Ardent /pit it. See Spirit^ ardent. 
Argand^ 286. 

Argillaceous earth. See Earthy argillaceous. 
Arfenicy 270. regulus of, 271. 
^tfy ^ ^m, 229. of gold by cupellation, 236. 
Atmofphere^ 28 & fcq. its height, 34. 35. 50. 
Attraiiion^ chemical^ 137 & fcq. 
Aurora borealis^ 360. 
Aurum muftvum^ 267. 

B 

^ > 

Baldwin's phofphorus^ 285. 

Balloon, See yf/r Balloon* 

Balls of fire ^ 361. 

Bar i Hi a ^ 221. 

Barometer^ 32. its application to meafure elevations, 35^ — 48. 
its rife or fall from mere change of temperature, 40. from 
the varying preffure of the air, 72. marine, 73. 

Bath^ chemical^ 132. 

Battery^ ele^ricaly 332. 

Bell-metal^ 254. 

Benzoin y 2 06. 

Bergman^ 173. 

Berthollet, 183. 192. 

Bifmuthy 269. 

Black lead. See Plumbago. 

Black wady 277. 

Blow-pipe^ J34— 136. ^ .,. 

' Jaotitng 
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Boiling point, j6» 125. 13^6. 

Bohgnian phofpborus^ 285. 

Boraxj 195. its acid. Dee ^aW of Borax* 

i^ C 
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Calcareous earth. See Earth, ealcareoue* 
Cakes ofmHols, 232, 233. 

C<»/j>f, 152. 

CantofCs ph^fphorus, 285. 

{7i7r^ of the mariner's compafs, 289. 

Cafe^hardeningy 26 1. 

Cajfius, purple powder of y 238. 

CerufSy 249. 

Chargey eleSiricy 3^4 & fcq, 

Cinnahary .243* 244. 

C/fl[y. Sec Earthy argillaceous* 

Cobalty 271. 272. 

Cwwi, ^«/rf, 239. filvcr, 242. 

Colours on heated eoppery 251. on iron or fieel, 257* 260* 

Combujiiony 124. 1 25. 150. 1 67. 

Compafsj mariner* Sy 56. 289. variation of, 297. • 

Condenfer of eleSlricityy 339. 

Condu6ior of ele£iricityy 302. for buildings, 353. 

Coppery 250—256. 

Corrofive fuhlimatey 246. 

Crawfordy Dr. 126. 151. 

CructbleSy 129. 

Cryjlallizationy 152^ 

Cucurbit, 130. 

Cupely 129. 

Cupellationy 236. 

Cylinder, eleiirical, 305* 

D 

Dalihardy Monf. 35 1. 
Deflagration of nitrey 183* 
Diamondy 167, i68« 
Dipping-needUy 29 1. 
Di/lillationy 130. 
Diving-belly oz. 

£ 

Earthy 149, 150* 

Earthy argillaceous, 164. 

Earthy calcareous^ x6x« 

. Vot. 11^ • B b ^^»^> 
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Earth J magnejianj 164. 

Sartbj ponderous y 162* 

Earth jiUciouSy 165. 

EarthquakiSj 362—- 364. 

Eau de luciy 226. 

Echo J 66. 

Eli£iricj ornon^conduHor^ 302. 

Ele^riciiy, 48. 226. obtained by- nibbing a tube of glafs^ 
301. its habitudes with bodies, 302 — 304. whether it be 
matter, 304. obtained by a machine, 305, 306, excita- 
tion of, 307. pofitive .and negative, 310—313. attrac- 
tion and repulfion, 313. afFedled by points, 312. 314 — 316* 
338. wind caufed by it, 315. fparks crooked, and 
through a vacuum, 317, 318 — 336. with water and ft'om 
low points, 319, 320. the two electricities diftmguiflied 
by an inftrument, 320, produced without communtca- 
tion, 321. charge o^ 324 & feq. fhocicfrom^ 329. con- 
denfed by jars, 330 & feq. affeds the thermometer, and 
gives polarity to needles, 334. condenfed, 339. inftruments 
to meafure its intenfity, 342 — 344. obtained without evi- 
dent friflion, 345 — 347. of hfhes» 3491 medical, 350, 
atmofpherical, 350 — 364» 

EU£irometer^ 342 — 344. | • , 

EU^fropborusy 328. 

Elements^ or jirjl principksy 141. 147, 

EliquatioTiy 250, 251. 

Epfom falty 175. 

Ejjhy. See Jffby. 

Ether y 123. 238. 287, 

Ethiops mineraly 244. 

Eudiometer y 186. 

Excitation of Elefiricityy 307 — 311, 

F 

Fermentatiofty 147. 211. vinous, 211, acetous, 2ift, putre^ 

faflive, 213. 
Fire engincy 80. % 

Fijh ele£iriCy 349. 
Fixed air. See Aerial acid. 
Flowers chemical y 131. 
Fluidy defined, i. preflurc ofjj 3 & feq, motion of, 19 — 22^ 

refiftance of, 22. 
Fluidity y itscaufe, i. 118. 
Flugry 194. its acid. Set yfcid of Fluor^^ 



INDEX.. 

Fluxy white J 220. crude, ibid, black, or reducing, ibid* 

Fountains^ 22. 8l« 82* 

Frankliriy Dr. 351. 

Freezing mixture^ ifll>^a£tion explained, i23« 

Freezing point J 75. 127. ^f:t Thermometer. 

Fulminating goldj 237. 

Fttrnacesj 132 & feq. 

Fufihility of metals y altered by mixture, 232. 

» 
G 

Gage for the air-pump^ 104— -io6. 

Galena.^ 240. 

Glafsy 142. 222. 276, 277. 

Glafs af Uady 249. 

Glauber* s falty 174. 

Goldj 235—239. 252, 

Granulation^ 232* 

Gravity^ fpectfic. Sec Specific Gravity. 

Gunpowder^ 183* 

H 

Halley^s hypothejis concerning the variation of the compafs^ 298* 
Hardnefsy its caufe, 139. , 
Harmony J 69. 

Heaty 112 126. methods of applying it, 127. ftriking 

analogy with elefl:ricity, 345. 
Heliotroptumj 158. 173. 
Hepary 176. 282. 
Hepatic air J 282. 
Hydrometery 13. 
HydroJIatical in/lrumenty 15. 
Hydro/iatics^ 3. 

>r, ^/?^nV, 330—332. 

/^^, 158. 

Ignis fatuuSy 361. 

InflammahleSy 150. 

Inflammation of oils by nitrous acid, i83. of iron with ftil-i^ 
phur, 264. of cupreous nitre with tin, 266. of black wad 
with oil, 277. of various fubftances by eleflricity, 333* 

Inky 263. 

Irouy 256 — 264. 

Kirwany Mr. X19. 

Kitcy eleSlricaly 352. 356. - 

B b IK L Lamf^ 
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LamPf 286. 

Lava^ 228. 

Liad^ 247—250. 

Liaf gold and JUvir^ their thidcneTs^ 232. 

Limonsy 204* 

I^iy 146. 

Ltghtningy 350 & feq. 

Litharge y 236. 249. 

Zfv#r of fulpbuTy 176* 

LoadflotUy 294. 

Logarithms y 37. 

Longitude^ 299. 

Xjkimi corma^ 241. 

M 

Machine^ ihifricaly 305. 306. 
Magmfia. See Earthy magnefian. 
Magnetifmy 257. 275. 288 — 300. 
Manganefsy 191. 275. 
Marine acid. See ^1/, marine- 
Mariner's compafsy 56. 289. 
JMarmor metallicumy 162. 175* 
Matrix of oreSy 229. 
Mattrasy 129. 
Melody y 69. 
Menjlruumy 143. 
Mercurius dulcisy 246* 
Mercury or quickfilvery 17. 1 27. 243;— 247. 
Metallic fubjlancesy 170. 231 — ^234. 
Mierocofmic falty 200. 275* 
-A///(^, 206. 
Miner alizJn-Sy 228. 
Miniumy 248. 
Mixturey 142. 
Molybdenay 28I) 282. 
Mountainsy their height meafured by the barometer, 35-— 48* 

their ftruSurc, 227. 
Mundicy 171. 
Aftj^, 67 — 71. 

N 

Nairne^s eleSirical maehiney 306. 
NeedUy magnetic^ 289* dipping, 291. 
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Nitrgf i80'-^i83. quadrangiilar, 187. fixed by charcoal^ 

219. mercurial, 245. 
Nitrous acid. See jtcid^ mtfms^ 

^ • 

o 

0//r, 285, 286. inflamed by nitrous acid, 188, drying, 250* 
Oresy 228. aflfayed and fmelted, 229. of gold, 235, of filver^ 

240. of mercury, 243« of lead, 248. of copper, 251. of 

iron, 257. of tin, 265. 

P 

Papin^s digefieTj 149. 

Parker's lens^ 162. 

Parting of gold and Jilver^ 237. of gold alone from ail me« 

tals, 237. 
Pewter^ 268. 
Phlogijlon^ 150. 167. 
Pbofphorus^ 170. 197 — 200. 283. of Bologna, of Baldwin, 

and of Canton, 284. 285. 
PhoJ^horefcence of bodies ^ 284. 
Plafier of Paris^ 175. 

Platinoy 237. 239. 240. ' 

Plumbago f 167. 169. in iron, 261. 
Plumbum comeum^ 249. 
Polarity^ 288. 29O. 334. 
Polesy magneticaly 290. 
Ponderous earth. See Earthy ponderous. 
Pot-ajhy 218. 
Precipitate per fe^ 243. 
Precipitation^ 143. 
Priejiley, Dr. 186. 363. 
Principles^ chemical^ 141* 147. 
Pruffian blue^ 208. 
Pumpy 79. 
Putrefaction^ 213. 
Pyrites y 171. 
Pyrophorus^ 283. 284. 

S^uickfilver. See Mercury. 

R 

Radical vinegary 217. 952« 
Redlead^ 248. 

Refraffive 
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Rtfi-aSfive power tf tbioir^ 49. renders die .obfervations of 

low latitudes uncertain, co« 
Kegulus of arfenic^ 171. of antimony, 273. ofmanganeicy 

275. of wolfram, 278. 281. of molyUena, 282. 
Rejtftance and retardation of motions performed in fluids^ 22 

& feq. 
Retort y 131. 
Romainy Monf. o9« 
Rozierj Pilatre A, 90* 
Rjiiber of the ele£fricat nuubine^ 306 & feq» 



Sal^ammottiacy 144* See Ammoniac. 

Sahsy 149. vitriolic, 172^— 178. nitrous, i8o<— 187. aia-<- 

rinc, I92-^I94. 
Salty common^ 143. 189. 192. 
Sahy fedativey or acid rf tora^j 196. 
Salty microco/micy 200. 
Salt of tartar y 219, 
Saturationy 143, 
ScheeUy 192. 271. 

Seay method of determining its depth, 89 — 92^ 
Sealing waXy eledlrified, 319, 
SeUnitiy 174. nitrous, 187. 
Shocky ele6iricy 329. 332 & feq. 
Siliceous earth, i^t Earthy Jiliceous. 
Silvery 240 — 242. 
Smalt y 272. 
Smeltingy 229. 
Smokey why it afcends, 55. 
Soapy 222 — 224. 

Soday fait of 142. See MarinCy or Mineral Alkali^ 
Solktiony 143. 

Sorrely fait of See Acid of Sorrel. 
Soundy 65 — 71. 
Spanijh whitCy 269, 

Spary calcareous and ponderouSy 162. Derbyfhirc, or phofpRo- 

refcent, 194. 
speaking-trumpet y 67 ♦ 
Specific gravitiesy 4, ii-«»i8« do not foUow the denfities of 

the particles, 139. 
Speculum metaly 255. 
Spelter y 273. 

Spirit^ 
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Spirit J ardifa^ 212. 286, 287. ': 

Spirit of fait. See Marine Acid* 

Springs^ intermittingj 78. 

Stahly 150, 177. 

StarSy Jhooting^ 360. 

Steely 259. 

Steamy 83. 

Steam-engine^ 83 89. 

StockingSy eleSfricaly 34.6« 

Sublimation^ 131. 

Sublimate y corrofivey 246. 

Sugar, 201. 211. its acid. Sec Jcid of Sugar* ■. 

Sugar of leady 25O. 

Sugar of milky 207. 

Sulphury 141. 169. 171. Z76., 234. ele^rified, 346. 

SylviuSy fait of 193. 

Syphony 77 — 78. 

T 

7'/7r^^, 215. alkali of, 219. 

Temperature. Sec /i?^/. . - 

Tempering of Steely 260. 

r^/«|^, 236. 

Thermometer y 73—77. iiS» its natural zero, 11 8. affbSea 

by eleftricity, 334. 
Tiny 264 — 268. 
Topazy 348. 
Torpedoy 349. 
Torricellian experiment y 31. 
Touchy magneticy 292 — 294. 
Tourmalhy 347. * 

7tt^^, eleSfricy 30 1. 
Tungfany 297. 280. 
Turbith mineraly 245. 
Twilighty 50—53. 

V 

Vacuumy luminous y 318. 336. 

Variation of the compafsy 297-— 300. 

Veins^ metallicy 229. 

Verdigrisy 252. 

Vermilliony 244. 

VeJfeUy chemicaly 129 & fcq. 

Vinegar^ 213* 2i6. 217* 252* Set Jcid^ acetous* 

Vitri^l^ 
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Vitriol^ 172. 178. dephlogfftictted by gold, 237* 
Vitriolated tartar J 174. 184. . 
Volatile bodies J 128. 
VolcanoSy 227. 
Volia^ Mr. 34X. 

W 

IVad^ blacky 277. 

^o^^r, 148. 157, et pafim. 

IVaUr-fpouts^ 64. 361. 

Weldings 257. 

Whirlwinds^ .6 j. 

JVhiJpering galUryy 67. 

/f^i^^ //tf^, 249* 

»7^, 285, 286- 

//^/7//j, Mr. his method of fecaring retorts in the making of 

phofphorus, 132^ . , 

Will-with'thi-'Whifp^ 361. - • 
JVindsy their caufe, 55. the different winds enmnerated^ and 

accounted for, 56—65. 
IVine^ fpirit of. See Spirit^ ardent. 
Wolfram^ 278—281. • .... 



Zaffre^ 272, 

Zero^ natural^ of the thermometer, 118. 119. 

Z/«/f, 272, 273, 
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